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1. INTRODUCTION 

The Naval Facilities Engineering Service Center (NFESC) surveyed various Department 
of Defense (DOD) activities in order to determine if any of them have conducted demonstrations 
and evaluations of storm water treatment technologies. Of the 14 environmental activities that 
NFESC contacted, only two had attempted to evaluate storm water treatment technologies. 

NFESC conducted this survey in cooperation with Concurrent Technologies Corporation's 
(CTC) Bremerton Office. CTC is working for Puget Sound Naval Shipyard (PSNS) on the 
National Defense Center of Environmental Excellence program "to address high priority 
environmental problems for the Department of Defense (DOD), other government organizations, 
and the industrial community." One of the environmental problems, which CTC is evaluating 
for PSNS, is pollution from storm water runoff from industrial areas. This survey is to help CTC 
determine whether any Navy, or DOD activities, have extensively studied the pollution reduction 
efficiency of any structural storm water treatment technologies or any non-structural best 
management practices (BMPs). This information will be used to help CTC identify storm water 
research needs. 

2. APPROACH 

This effort consisted of contacting environmental personnel at SPAWARSYSCEN, NFESC, 
various Navy installations, Air Force Center of Environmental Excellence (AFCEE), Army 
Environmental Center (AEC), and Army Corps of Engineers. To narrow down the number of 
Navy installations to survey for this study, NFESC relied on the results from a Navy-wide water 
and wastewater systems survey conducted on July 1999 by NFESC for the Chief of Naval 
Operations Shore Compliance Branch. 

3. FINDINGS 

3.1 Storm Treat™ Technology Evaluation by SPAWARSYSCEN 

SPAWARSYSCEN has evaluated the StormTreat™ technology system, one of the 
technologies listed in CTC's own report, "Storm Water Needs Assessment and Technology, Nov 
18, 1999." The StormTreat™ system is a modular treatment system that utilizes filtration, 
sedimentation, skimming, and biofiltration with the use of native species of bulrush grasses. 
Simply speaking, it is a wetland in a box. 

The StormTreat™ system is located adjacent to a parking lot for Naval Base Point Loma, 
and is down-gradient to McClellan Road, which runs by Naval Base Point Loma. The land area 
that feeds into the treatment system is comprised of McClellan Road and adjacent areas, and is 
fairly steep and hilly, which allows sufficient gravity flow through the system. The treated storm 
water and any overflow are discharged directly into San Diego Bay. The State of California has 
listed San Diego Bay as "impaired" due to sediment toxicity, benthic effects, and levels of 
copper higher than established water quality standards. The causes of these impairments are 
from point sources and non-point sources. 



SPAWARSYSCEN installed the StormTreat™ system in 1997, with the support of Naval 
Base Point Loma, to demonstrate StormTreat's effectiveness in semi-arid climates, document 
maintenance needs for this system, and as a proactive approach to addressing storm water 
pollution. Storm water flows into two 200-gallon cylindrical plastic basins, and each basin feeds 
to a set of two StormTreat™ tanks, for a total of four tanks on-site. Each tank is 10 feet in 
diameter and 4 feet in height. The tanks were planted with the native species of bulrush grasses 
Scirpus acutus and Scirpus robustus. To keep the plants alive during the dry seasons, each set of 
tanks has a sump pump powered by a solar panel on a pole, and water was added twice in 1999. 
A plastic liner was placed 1 foot below the surface of the pea gravel where the bulrushes grow so 
that water pumped to the surface would not flow immediately back down. 

A number of problems were encountered and solved through this project, which could 
provide valuable lessons learned. One problem was that the site for the treatment system has 
possible archeological significance. This problem was solved by placing the system above 
ground and burying it behind a retaining wall filled with gravel. Another problem was that 
drainage patterns were not always self-evident and storm drain maps were not always accurate. 
This problem was solved with extensive site investigations including conducting smoke tests and 
observing the water flow as a fire fighter sprayed down the study area. Only one of the tanks had 
a slight problem with the bulrush dying, which could have been due to a slightly lower water 
level in that tank. 

The final report for this evaluation is still pending. However, the study has shown that the 
StormTreat™ system has with statistical significance, lowered pollutant levels in storm water 
runoff for the parameters: 

Total petroleum hydrocarbon 
Unresolved complex mixture of petroleum hydrocarbon 
Total resolved hydrocarbon 
Extracted organic material 
Chemical oxygen demand 
Total kjedahl nitrogen 
Zinc 

A good confirmation could not be reached for the following parameters: 

Total phosphorus 
Lead 
Cadmium 
Chromium 
Aluminum 
Total suspended solids 

The total suspended solids results may have been influenced by high sediment loading due 
to erosion in the basin. 



3.2 Tidally Influence Construction Wetlands Studied by NFESC 

The Restoration Branch of NFESC has installed and studied tidally influenced constructed 
wetlands at Naval Amphibious Base, Little Creek. The constructed wetlands are two rectangular 
cells, totaling about 1.5 acres. It was built to determine if a constructed wetland in a tidal setting 
could improve storm water runoff water quality. The treatment efficiency for this wetland could 
not be determined, since the pollutant levels of the influent were at non-detect or at very low 
levels. 

The source of the water for the wetlands is a channel, which drains runoff from a large area 
comprising of residential, commercial, and military/industrial zones. The area within and 
surrounding the 2,147-acre facility is highly developed with industrial, residential, recreational, 
and infrastructure land uses bordered on all sides except the Bay. The planimetered area of the 
drainage basin contributing to the wetland is 58.9 acres. The potential sources of pollutants were 
identified as 

• Stormwater runoff from the drainage area 
• Amphibious Base landfill seepage 
• Demineralizer pond 

Check valves were installed at the entrance and exit of the wetland so flow through the 
wetland would be one-way, and flush through the system driven by the rise and fall of the tides, 
twice daily on average. The wetland was planted with salt-tolerant species including Spartina 
species. 

This study, as mentioned, was not able to determine treatment efficiency. Investigation of 
metals in surface soil/sediment did yield interesting results, however. Generally, metals 
concentrations in sediment during the active growing seasons of late spring, summer, and early 
fall were lower than in the dormant seasons. The concentration of metals in plant tissues showed 
the opposite pattern: concentrations were higher during the active growing season. It is believed 
that Spartina alterniflora concentrates metals in its tissue from the rooted zones during active 
growth, but releases these metals as the plants go dormant in the fall. Analysis of samples 
included TCLP metals and TCLP volatiles and semi-volatiles s (including pesticides and 
herbicides.) 

3.3 Existing Storm Water Systems Not Evaluated at Navy Locations 

NFESC did not find any other Navy or DOD studies on storm water treatment technologies. 
However, NFESC was able to determine from a July 1999 Navy-wide Water and Wastewater 
Systems Survey, that out of 181 activities and installations, only 14 had reported using a form of 
storm water treatment technology. NFESC contacted a few of these installations and the 
findings are presented below. 



3.3.1 Submarine Base, Bangor (SUBASE Bangor) 

SUBASE Bangor has about three oil water separators and five detention ponds. The three 
main ponds are roughly 900 cubic yards in size. The parameters measured for these ponds are: 

Total suspended solids (TSS) 
Aluminum 
Iron 
Zinc 
Copper 
Lead 
Chemical oxygen demand (COD). 

pH is monitored on one detention pond. SUBASE Bangor consists of light industrial areas, 
housing, and undeveloped areas. There are several outfalls that do not go through these 
detention ponds, but all of the light industrial areas do. SUBASE Bangor has not conducted any 
studies regarding structural or non-structural BMPs; however, has noticed that construction 
BMPs such as silt fences and hay bales have visually improved water quality. 

3.3.2 Naval Air Engineering Station (NAES) Lakehurst 

NAES Lakehurst has two equalization basins that treat a combination of storm and process 
water from the catapult testing area and aircraft arrestor area. The basins are in place as required 
by the state of New Jersey. The facility is located within sensitive pinelands, with groundwater 
just 6 feet below ground surface. The area treated is a 4- to 5- acre land with a 12,000-foot feet 
runway, and is entirely paved over. The systems' treatment capability includes equalization 
(200,000-gallon capacity), small oil water separators (for final polishing), and is discharged to a 
local stream. The systems are automated, with an adjustable detention time. Each system has a 
throughput of about 275 gallons per minute. The parameters and limits for these systems are: 

Parameter Limits  
pH 5.5 - 7.5 
Temperature 30°C 
TSS 10 - 20 ppm 
COD 100 ppm 
Iron no limit 
Chromium (Total) 100 ppb 
Zinc 1,000 ppb 
Copper 1,000 ppb 
Total Petroleum Hydrocarbon (TPH) 10 ppm 

ppm = parts per million; ppb = parts per billion 

3.3.3 Naval Air Station (NAS) Brunswick 

4 



NAS Brunswick has six detention ponds, which they believe is working well, but has 
maintenance problems stemming from an active beaver population. The Maine Department of 
Environmental Protection requires these ponds, as part of the State's Coastal Zone Management 
Act Program. The ponds vary in size from 1 acre to the natural 15-acre pond. The ponds treat 
runoff from about 4,500 acres, 40% of which are light industrial. The southern end of the Base 
is undeveloped. NAS Brunswick has not studied the effectiveness of these ponds, but may in the 
future if required by the Department of Environmental Protection. The parameters monitored for 
are: 

• Petroleum aromatic hydrocarbon (PAH) 
• Biological oxygen demand (BOD) 
• Total suspended solids 

3.3.4 NAS Patuxent River 

NAS Patuxent River uses oil water separators to treat storm water runoff. Other measures 
NAS Patuxent River takes to prevent storm water pollution are not treatment technologies, but 
management measures such as riparian buffers and shoreline protection. 

3.3.5 Commander Naval Region Mid-Atlantic (CNR MIDLANT) 

CNR MIDLANT has several installations that use oil water separators (for example, at wash 
racks) but have not done any effectiveness studies. MIDLANT activities have only taken 
quarterly storm water samples to comply Virginia's Department of Environmental Quality 
monitoring requirements. The MIDLANT installations use non-structural BMPs to minimize 
storm water contamination, such as sweeping. 

3.3.6 Naval Surface Warfare Center (NSWC) Crane 

NSWC Crane has sedimentation basins at two heavy equipment racks, which collect solids 
and heavy dirt from vehicle washing. NSWC Crane also has sedimentation basins below a 
demolition range. The basins are located at the base of the hill where ammunition is detonated. 
NSWC also uses filters, fabric fences, and bales of straw to minimize erosion and storm water 
contamination. 

3.3.7 Other Navy Installations with Storm Water Treatment Systems 

NFESC attempted but was not able to contact the following installations: 

• Naval Surface Warfare Center Carderock Division (NSWCCD), Bayview 
Detachment, Idaho (Treatment System Unidentified) 

• NSWCCD Carderock, West Bethesda, Maryland (Storm Water Settling Ponds) 

• NSWCCD Memphis Detachment, Florida (Storm Water Settling Pond) 



• Naval Undersea Warfare Center, Newport Division, Rhode Island (Detention 
Basins, Natural Wetlands, Oil Water Separators) 

• Fleet Industrial Supply Center Puget Sounds, Washington (Oil Water Separators) 

3.4      Telephone Conversations 

3.4.1 Air Force 

NFESC spoke with contacts at the eastern, western, and central regions of the Air Force 
Center of Environmental Excellence (AFCEE). The people we spoke to were not aware of any 
studies to determine the effectiveness of BMPs or storm water technologies. The contact from 
AFCEE Central Region stated that installations implement BMPs in order to comply with 
management plans and permitting requirements, but do little in the way of documenting the BMP 
effectiveness. 

3.4.2 Army 

NFESC spoke with people at the Army Environmental Center and at the Army Corps of 
Engineers. The contacts indicated that the Army uses recommended BMPs to address storm 
water issues. The Army has no documented studies. The Army's approach is to develop 
watershed protocol based on information from the field. Treatment technology can be expensive 
and often requires maintenance. The goal is to prevent storm water contamination in the first 
place. For example,.if there is runoff from a range, they develop a strategy to control this runoff 
or runoff from other sources in the watershed. As a rule, Army installations conduct an 
evaluation based on the given watershed information and do what makes sense. 

Army concerns for storm water technologies include lack of O&M funds and human 
resources for maintenance and the extra effort for training. For future studies, AECs suggested 
topics are: 

• Controlling mercury from air deposition (a widespread problem) 
• Constructing wetlands 
• Correct piping into storm water 

Other Army agencies that may be studying the feasibility of these technologies are: 

• U. S. Soil Conservation Service 
• Waterways Experiment Station, Mississippi 
• CREEL Cold Region Environmental Research Lab 
• EPA Research Labs 

Again, the Army's goal is to eliminate discharge. The Army is leading an effort to evaluate 
watersheds. Five installations will participate (includes 2 Army, 1 Navy, 1 Marine Corps, and 1 



Air Force). Each installation will be reviewed and evaluated. The resulting documentation will 
provide a protocol process for other bases. 

Army Corps of Engineers (ACE), Western Region, indicated that they do not have any data 
because their current permit only requires BMPs to be installed and there is no monitoring 
program. However, this year's state permit is now undergoing public review and will require a 
monitoring program if the nearby body of water is a designated impaired body of water. 

As far as identifying the correct BMPs, the current practice is to use the San Francisco 
Regional Water Quality Control Board's Field Manual on Erosion and Sediment Control. This 
Field Manual can be ordered for about $50 at (510) 464-7900 (Friends of the SF Estuary). 
Further information on how this manual is used can be obtained from an erosion workshop given 
every year. For more information about this workshop, check their web site at 
http://www.abag.ca.gov/bavarea/sfep/programs/construction/index.html. The best source of 
current erosion control technologies is the International Erosion Control Association at 
http://www.ieca.org/index conference.html. ACE will be specifying "tackified straw" as the 
default erosion BMP and "fabric rolls" as the default sedimentation BMP in all of their 
construction contracts. 

3.5      Other Potential Sources of Information 

NFESC did not find any other information sources for DOD studies on storm water 
treatment technologies or best management practices. The Chief of Naval Operations has a 
contractor developing a table of Best Management Practices. However, the table is just a 
compendium of existing BMPs and does not include information on treatment efficiencies (see 
Appendix A) Organizations outside DOD that have put together information on effectiveness of 
storm water treatment technologies include the Urban Water Resources Research Council 
(UWRRC), http://www.bmpdatabase.org, and, as recommended by NAS Patuxent River, the 
Center for Watershed Protection http://www.cwp.org. 

The UWRRC in a cooperative agreement with the Environmental Protection Agency has 
compiled over 90 BMP studies conducted over the past 15 years. The database compiled allows 
querying by BMP type, BMP group, or by contaminants removed. 

The Center for Watershed Protection is a non-profit, non-membership organization 
established to assist local governments in 30 states and the District of Columbia to: 

• Understand and define the relationship between urban growth and the degradation 
of watersheds. 

• Link specific land uses to water quality. 



• Educate public and private sectors about the need for greater protection of our 
waters through watershed protection. 

• Advise communities on the most reliable and effective ways to protect and restore 
watersheds over the entire development cycle. 

• Bring together new approaches to watershed management by promoting 
technology-transfer and professional dialog. 

Of possible interest is their publication National Pollutant Removal Performance Database 
- 2000 - 2nd Edition. This publication contains "summaries of more than 135 urban pollutant 
removal monitoring studies. It includes a statistical and graphical comparison of removal rates 
for six groups of storm water management practices: ponds, wetlands, open channels, filters, 
infiltration and on-site devices. In addition, key research gaps in terms of parameters and 
practices are identified." 

4 CONCLUSION 

NFESC found two studies DOD-wide dealing with storm water treatment technologies and 
BMPs: SPAWARSYSCEN found favorable results from StormTreat™ tank system and NFESC 
Restoration Branch discovered an interesting cycling of metals concentration in a constructed 
tidally influenced wetland. All the activities contacted indicated that they comply with permit 
requirements and implement needed BMPs, but have not conducted special studies to identify 
effectiveness of the BMPs. The few installations that have treatment technologies for storm 
water have fairly simple systems such as detention ponds and oil water separators. 

Various Army and Air Force personnel contacted in the survey indicated that they have no 
knowledge of studies regarding treatment technology, and that their installations comply with 
storm water management plans and permits. The Army has expressed concerns about installing 
storm water technologies due to lack of operations and maintenance funds, lack of human 
resources for maintenance, and the extra effort required to train personnel on managing these 
systems. No Marine Corps personnel were contacted for this survey, since the Marine Corps 
relies on the Navy to provide environmental and engineering support. 



APPENDIX A 

BEST MANAGEMENT PRACTICES FOR 
IMPLEMENTING AND COMPLYING 

WITH THE CLEAN WATER ACT 

INTRODUCTION 

Best Management Practices (BMPs) can be used to protect waterbodies from contaminated 
runoff associated with events such as spills, construction, maintenance activities, daily facility 
operations, and other activities. Specifically, BMPs serve as useful tools in implementing and 
complying with CWA initiatives such as the Total Maximum Daily Load (TMDL) and storm 
water programs. In addition, BMP implementation provides a step-by-step method for 
improving water quality by focusing on local impacts first. 

This document contains a listing of three types of BMPs: structural, nonstructural, and 
preventive maintenance BMPs for storm water runoff. 

1. Structural BMPs typically require construction or development of a separate 
structure, such as an oil-water separator, to achieve desired results. 

2. Nonstructural BMPs can be implemented into daily programs with minimal effort 
and often at low cost. 

3. Preventive maintenance BMPs can be implemented to prevent contamination of 
storm water; the list is based on a review of activity storm water discharge permits. 

Note: This document is just a partial listing of the commonly used BMPs and does not contain all 
of the BMPs that currently exist. However, as more information becomes available on other 
BMPs, this document will be updated and posted on the CWASSC website: 
http://www.denix.osd.mil/denix/DODAVorking/CWASSC/. 

A-l 



This page left blank. 

A-2 



c 
o 
"^ 
CO 

E 
i» 
o 
c 

o 
0 u 
3 
o 

CO 

n3 
O. 
<U 

E o 

£ 
C3 
u- 
6J o 
1- 

CL, 

> 
03 

a 
u o 
CO 

<D x: 
U 
u x: 
H 

O 
v5 
C3 u, 

1 
c 

'•S 
<u 
c 

i 
<U 
O a 
U 
.c 
u 

C 
.2 S

to
rm

 1
4/

at
er

 M
an

ag
em

en
t F

or
 C

on
st

ru
ct

io
n 

A
ct

iv
iti

es
: 

D
ev

el
op

in
g 

P
ol

lu
tio

n 
P

re
ve

nt
io

n 
P

la
ns

 a
nd

 B
es

t M
an

ag
em

en
t P

ra
ct

ic
es

, 
E

P
A

 
83

2-
R

-9
2-

00
5,

 S
ep

te
m

be
r 

19
92

. 
C

ha
pt

er
 3

 ~
 S

ed
im

en
t 

an
d 

E
ro

si
on

 C
on

tr
ol

, 
3-

52
 

A
pp

en
di

x 
B,
 B

M
P
 F

ac
t 

S
he

et
s,
 B

-1
 

ht
tp

://
w

w
w

.e
pa

.g
ov

/o
w

m
/s

w
/c

on
gu

id
e/

 
S

to
rm

 W
at

er
 M

an
ag

em
en

t F
or

 C
on

st
ru

ct
io

n 
A

ct
iv

iti
es

: 
D

ev
el

op
in

g 
P

ol
lu

tio
n 

P
re

ve
nt

io
n 

P
la

ns
 a

n
d

 B
es

t M
an

ag
em

en
t P

ra
ct

ic
es

, 
E

P
A

 
83

2-
R

-9
2-

00
5,

 S
ep

te
m

be
r 

19
92

. 
C

ha
pt

er
 3

 -
 S

ed
im

en
t 

an
d 

E
ro

si
on

 C
on

tr
ol

, 
3-

65
 

A
pp

en
di

x 
B,

 B
M

P
 F

ac
t 

S
he

et
s,
 B

-1
3 

ht
tp

://
w

w
w

.e
pa

.g
ov

/o
w

m
/s

w
/c

on
gu

id
e/

 
S

to
rm

 W
at

er
 M

an
ag

em
en

t F
or

 C
on

st
ru

ct
io

n 
A

ct
iv

iti
es

: 
D

ev
el

op
in

g 
P

ol
lu

tio
n 

P
re

ve
nt

io
n 

P
la

ns
 a

nd
 B

es
t M

an
ag

em
en

t P
ra

ct
ic

es
, 

E
P

A
 

83
2-

R
-9

2-
00

5,
 S

ep
te

m
be

r 
19

92
. 

A
pp

en
di

x 
B,

 B
M

P
 F

ac
t 

S
he

et
s,
 B

-1
5 

ht
tp

://
w

w
w

.e
pa

.g
ov

/o
w

m
/s

w
/c

on
gu

id
e/

 

c 
o 
a 
o 
CO 
0 a 

S
ub

m
er

ge
d 

aq
ua

tic
 v

eg
et

at
io

n 
co

ns
is

ts
 o

f 
gr

as
se

s,
 p

ar
tic

ul
ar

ly
 v

as
cu

la
r 

pl
an

ts
 t

ha
t 

gr
ow

 c
om

pl
et

el
y 

un
de

rw
at

er
. 

T
he

se
 p

la
nt

s 
fil

te
r 

an
d 

tr
ap

 s
ed

im
en

t t
ha

t c
an

 c
lo

ud
 t

he
 

w
at

er
 c

ol
um

n,
 p

ro
te

ct
 s

ho
re

lin
es

 f
ro

m
 

er
os

io
n 

by
 m

in
im

iz
in

g 
w

av
e 

ac
tio

n,
 a

nd
 

re
m

ov
e 

ex
ce

ss
 n

ut
rie

nt
s.

 

S
ilt

 fe
nc

es
 a

re
 a

pp
ro

pr
ia

te
 i

m
m

ed
ia

te
ly

 
up

st
re

am
 o

f t
he

 s
ite

's
 p

oi
nt

 o
f 

ru
no

ff 
di

sc
ha

rg
e 

be
fo

re
 fl

ow
 b

ec
om

es
 

co
nc

en
tr

at
ed

. 
(M

ax
im

um
 d

es
ig

n 
flo

w
 r

at
e 

sh
ou

ld
 n

ot
 e

xc
ee

d 
0.

5 
cu

bi
c 

fe
et

 p
er

 
se

co
nd

.)
 

C
he

ck
 d

am
s 

ar
e 

ap
pr

op
ria

te
 f

or
 u

se
 a

cr
os

s 
sw

al
es

 o
r 

dr
ai

na
ge

 d
itc

he
s 

to
 r

ed
uc

e 
th

e 
flo

w
 v

el
oc

ity
, 

or
 in

 c
as

es
 w

he
re

 v
el

oc
ity

 
m

us
t 

be
 r

ed
uc

ed
 b

ec
au

se
 a

 v
eg

et
at

ed
 

ch
an

ne
l 

lin
in

g 
ha

s 
no

t y
et

 b
ee

n 
es

ta
bl

is
he

d.
 

E
ar

th
 d

ik
es

 c
an

 b
e 

us
ed

 t
o 

di
ve

rt
 u

ps
lo

pe
 

flo
w

s 
aw

ay
 fr

om
 d

is
tu

rb
ed

 a
re

as
, 

di
ve

rt
 

ru
no

ff 
to

 a
 s

ta
bi

liz
ed

 o
ut

le
t t

o 
re

du
ce

 t
he

 
le

ng
th

 o
f t

he
 s

lo
pe

 th
e 

ru
no

ff 
w

ill
 c

ro
ss

, 
an

d 
di

re
ct

 s
ed

im
en

t-
la

de
n 

ru
no

ff 
to

 a
 s

ed
im

en
t-

 
tr

ap
pi

ng
 d

ev
ic

e.
 

0 a. > 

E
ro

si
on

 C
on

tr
ol

, 
S

ed
im

en
t 

C
on

tr
ol

 

E
ro

si
on

 C
on

tr
ol

, 
S

ed
im

en
t 

C
on

tr
ol

 

E
ro

si
on

 C
on

tr
ol

, 
S

ed
im

en
t 

C
on

tr
ol

, 
F

lo
w

 D
iv

er
si

on
 

E
ro

si
on

 C
on

tr
ol

, 
S

ed
im

en
t 

C
on

tr
ol

, 
F

lo
w

 D
iv

er
si

on
 

CL 

CO 

To 

Ü 

CO 

o 
m 
0 
D) 
0 
> 
o 
co 
O" 
< 
0 
O) 
i_ 
0 
E 
XI 

CO 

CO 
0 
Ü 
C 
0 

LL 

CO 

CO 

E 
co 
Q 
.*: 
o 
0 
x: 
O 

0 

b 
x: 
t 
co 

LU 

< 



CD 

3 
O 
W 

in a. 
2 
ffl 
o> 
a> 
u 
tS 
n 

c 
a> 
E 
a> 
o> 
n 
c 
(0 

(0 
0) 
ffl 
75 

ü 
3 

8 

U 
(0 
ffl 
Q 

a. 

a. 
DQ 

S 

3 

ft 

< 
§UJ 

o 

5 « I. 

cog 
to 

«,S>E ts i 
•5 £ tt u. s> 

ffl 'S!        2 

.<ü ca °? TJ 

■c 2 
CO 
(0 
2 

g> cB is 
-■o-e • s TJ 
O 43 

TJ .3   ffl 
CD   CO   N 

= tr co 
3 |S 
CO   S a= 
©   CO ^ 
CO   CO   c 

5 I 2 
ffl CD 

CD CD s 
CO  Q.£ 

"ffl   CO "O 

O   3   CO 

a> .£ 

0   CO 
u co 
5 w TJ O 
CD *- 
C   Ü 
O = 

CO   c 

w ■- 
CD   CD 

!- 
CD  O 

Co *-» 

0*6 

c 
CD 
E 

TJ 
CD 
CO 
CO 

2 
% c 
3 

C   CD 
CD  U 

jo © 

if 
^ 9- CD   ffl 
CO £: 

So 
C   CD 
.2 E 

ixi c% 

c 
o 

'to 
CD > 
b 

o 

§ 
CO 
CD 
D) 
CO 
c 
'2 
a 

to 

2« 2 
CO ,- 

CO 

«2 CD   c 

E ^   ' 
CD   3   „- o>= ° 

ffl -e   • 
— o °* OJ o    ' c 2-co 

11? a o «5; 
co «a! 

CD giu o c    - 
C   3   CO 
CO  o 
2C0Ä 

'S 2 o 

ffl ~   CO 
.fa "O "— 

= »^ 
ISg 
«"3 2 

5 ""■ *■* 
_   ffl   ffl 
^£E 

111 
o>«5 CD 
<  £   O. 

CO TJ 
CO « 
ffl 

CO 

ffl E 
- i 

c 
CO 

ffl-d? 
CO  •*- 
2§to 

5 o 

o E 
P   CD ® 2 ■ • co 

ffl 
to 

to > co 0 
§ 3B "8 S 

■S .2  C J3 
S.^   O) CO »I« « 
<D   ^* 
E 

i 
C 
3 
O 

ffl 

CD 
CO 
O 

^ w 

?"3 

=   CO 
CO   ffl 

To g 
i: ■g>:D ffl 

Ä co 
co ffl 

|i 
.£ co 

♦-• CD 
•fc CO 
O «2 
c « 

T3 
C 
CO 

c 
3 

c 
CO 
jQ 

CO ^ 
Eg 
ffl ffl 
to -Q 
co ffl 
ffl   c 

£'» 
^Ä ffl TJ 

°I o a. 

- P 
g 

o 
C o 

o Ü CO 

Ü c ffl 
■> 

c o ffl 
F Q 

T3 
CD O 

UICO LL 

ffl 
ffl 

CO 
TJ 
ffl 
co 
co 
2 
O 

ffl 
c 
3 

.8" 
co 

DQ 
ffl 

1 
S. 

I 

3 
"O 
u 
ti 
C8 

co 
ffl 
E 

"6.2 
CO CO 

Ü CO 
ffl i= 

S= . 
ffl CO 
ffl ffl 

■^   ffl 

3 a> 
O .£ 
° S 
2 ffl 
<D   CO 

3=  >. 
3 XI 

-Q «o 
C ■£ 
«   ffl 

o E 
E 2 
2 "~ *-   CO 
o T2 

■cö g 

HE    . . ffl s= 
CO   Q. O 
CD   CO   c 
O   3   3 c co d 
o"2 - » s ffl 

ffl ffl TJ 
c c - 
ffl   CD   ffl 

"8 •3 ■«   CO   E   w 

.f=   ffl   3 

CO   3 

jS-s:  
EL   Q. CO   CO   CO 

bo 
o^ 
C   CD 
.2 E 

2 CD 
111 co 

co 

P 
E?E 
ffl c 

CC co 

= c 
o o 
Q.Ü 

ffl 
3= 
3 
m 
c 

.55 
w 
ffl 
a. 

ffl CD 

3? >«r 

CO 
£'- 
TJ 
ffl 
Ü 
3 

TJ 
O 
QIQ: 

CD 
Ü 

C0| 
OJ ffl 
P Q- ffl 

Q 

c .2 
CD t; si 
co ü 

^ o «co 
CD ♦- 
COS 
c ° •il 

OJ 
c 

§1 
CO P 

i* 
Q. C 
C   O 

z   > 

T- o 
>,T3 ^ o ffl 
3 
n X) 
ffl -1 u. T) 
>. a 

m C/3 

3 3 

o > 
ffl 
c 

0) 

CD *-* 
b o 
c u 
p T3 

.E ffl 
P -3 c 
0- O LU 

> 
c 

c 
CD 
O 
ffl 
TT 

Q.£  o 
"5 !2 >fc 
to   5 TJ 
coj, 2 

j-. .2 co 
M M ffl 

CO TJ ^ 

E to i= 
SI« » 
2 oj ffl 
co§2 

co 
3 
cr 
ffl 
to 

o w 
ffl to 
?S 
Q. ffl 

> CO *-* CD 
CJ i_ 

ffl CD 
c ffl 
E 

TJ 
C 
ffl 

a. 
0 .O 

ffl ffl > 3 fl) O" 
TJ ffl 

< 

_. o 
o ^ c 

O 
Ü 

w c 
C   ffl 
.2 E 
8=5 t: aj 

LU CO 

CO k_ 
CD *^- *^- 
3 
m 
E 
co 
2 +—' 

co 



c 
o 
(0 
E 
k. 
o 
c 
**- 
o 
0 
u k. 
S 
O 
(/) 

1)
 G

ui
da

nc
e 

S
pe

ci
fy

in
g 

M
an

ag
em

en
t 

M
ea

su
re

s 
fo

r S
ou

rc
es

 o
f N

on
po

in
t P

ol
lu

tio
n 

in
 

C
oa

st
al

 W
at

er
s,
 E

P
A

-8
40

-B
-9

3-
00

1 
c,

 
Ja

nu
ar

y 
19

93
. 

h
tt

p
:/

/w
w

w
.e

p
a

.e
o

v/
o

w
o

w
/n

p
s/

M
M

G
I 

2)
 U

rb
an

 B
es

t M
an

ag
em

en
t P

ra
ct

ic
es

 fo
r 

N
o

n
p

o
in

t S
ou

rc
e 

P
o
llu

tio
n
, 

P
ro

du
ce

d 
by

 th
e 

P
o

in
t 

an
d 

N
on

po
in

t S
ou

rc
e 

P
ro

gr
am

s,
 W

at
er

 Q
u
a
lit

y 
D

iv
is

io
n
, 

W
yo

m
in

g
 D

ep
ar

tm
en

t 
o

f E
nv

iro
nm

en
ta

l 
Q

ua
lit

y,
 F

eb
ru

ar
y 

19
99

. 
ht

tp
://

de
q.

st
at

e.
w

v.
us

/w
qd

/u
rb

bm
pd

oc
.h

tm
 

A
gr

ic
ul

tu
ra

l B
M

P
s:

 G
ra

ss
ed

 W
at

er
w

ay
s,

 
N

at
ur

al
 R

es
ou

rc
e 

C
on

se
rv

at
io

n 
S

er
vi

ce
, 

U
.S

. 
D

ep
ar

tm
en

t 
of

 A
gr

ic
ul

tu
re

. 
ht

tD
://

w
w

w
.a

l.n
rc

s.
us

da
.g

0v
/b

m
D

/2
ra

ss
ed

.h
tm

l 

N
or

th
w

es
t O

hi
o 

W
in

db
re

ak
 P

ro
gr

am
, 

O
hi

o 
D

iv
is

io
n 

of
 F

or
es

tr
y.

 
ht

tD
://

w
w

w
.h

cs
.o

hi
o-

 

a 
0 
1— 

Xi 
-o 
c 
'1 
t« v. 
a u. 
<U 
C 
£ 
0 
•0 
c 
a 
J 
22 
z 
Q 
O -^. 
-0 
0 
si 

1)
 P

re
lim

in
ar

y 
D

at
a 

S
um

m
ar

y 
o
f U

rb
an

 
S

to
rm

w
at

er
 B

es
t M

an
ag

em
en

t P
ra

ct
ic

es
, 

E
P

A
-8

21
-R

-9
9-

01
2,

 A
ug

us
t 

19
99

. 
P

ag
e 

5-
16

 
ht

tp
://

w
w

w
.e

pa
.e

ov
/o

st
/s

to
rm

w
at

er
/ 

2)
 G

ui
da

nc
e 

S
pe

ci
fy

in
g 

M
an

ag
em

en
t 

M
ea

su
re

s 
fo

r S
ou

rc
es

 o
f N

on
po

in
t P

ol
lu

tio
n 

in
 

C
oa

st
al

 W
at

er
s,
 E

P
A

-8
40

-B
-9

3-
00

1C
, 

Ja
nu

ar
y 

19
93

. 
ht

tp
 :/

/w
 w

 w
 .e

pa
. e

o 
v/

o 
w

o 
w

/n
p
s/

M
M

G
I 

c 
o 
Q. 

u 
(0 
0 
Q 

F
ilt

er
 s

tr
ip

s 
ar

e 
lo

ca
te

d 
do

w
ns

lo
pe

 fr
om

 
cr

op
la

nd
s 

an
d 

as
si

st
 in

 r
em

ov
in

g 
se

di
m

en
ts

, 
nu

tr
ie

nt
s,

 a
nd

 p
ol

lu
ta

nt
s 

fr
om

 s
ur

fa
ce

 w
at

er
 

ru
no

ff.
 

F
ilt

er
 s

tr
ip

s 
ca

n 
be

 c
om

bi
ne

d 
w

ith
 

st
re

am
 b

uf
fe

rs
 t

o 
pr

ot
ec

t t
he

 r
ip

ar
ia

n 
co

rr
id

or
 a

nd
 h

el
p 

re
ch

ar
ge

 g
ro

un
dw

at
er

 
so

ur
ce

s.
 

G
ra

ss
ed

 w
at

er
w

ay
s,

 t
yp

ic
al

ly
 c

on
si

st
in

g 
of

 a
 

pe
re

nn
ia

l g
ra

ss
, 

pr
ov

id
e 

fo
r 

w
at

er
 d

is
po

sa
l 

fr
om

 t
er

ra
ce

s,
 d

iv
er

si
on

s,
 o

r 
ot

he
r 

co
nc

en
tr

at
ed

 f
lo

w
 a

re
as

. 
T

he
y 

al
so

 p
ro

vi
de

 
an

 a
re

a 
fo

r 
ch

an
ne

lin
g 

w
at

er
 w

ith
ou

t 
pe

rm
itt

in
g 

so
il 

er
os

io
n.

 

W
in

db
re

ak
s 

co
ns

is
t 

of
 r

ow
s 

of
 t

re
es

 o
r 

sh
ru

bs
 u

se
d 

to
 p

ro
te

ct
 th

e 
su

rr
ou

nd
in

gs
 

fr
om

 w
in

d.
 

W
in

db
re

ak
s 

ar
e 

a 
lo

ng
-t

er
m

 
co

ns
er

va
tio

n 
m

ea
su

re
 th

at
 m

ay
 r

eq
ui

re
 

tw
en

ty
 y

ea
rs

 t
o 

be
co

m
e 

fu
nc

tio
na

l. 
T

he
y 

ar
e 

de
si

gn
ed

 t
o 

pr
ev

en
t 

ai
rb

or
ne

 
se

di
m

en
ta

tio
n 

an
d 

pr
ov

id
e 

a 
so

il 
st

ab
ili

za
tio

n 
fu

nc
tio

n.
 

C
on

st
ru

ct
ed

 w
et

la
nd

s 
ai

d 
in
 p

ol
lu

ta
nt

 
re

m
ov

al
 f

ro
m

 w
at

er
 a

nd
 a

re
 p

ar
tic

ul
ar

ly
 

ap
pr

op
ria

te
 w

he
re

 g
ro

un
dw

at
er

 le
ve

ls
 a

re
 

cl
os

e 
en

ou
gh

 t
o 

th
e 

su
rf

ac
e 

to
 p

ro
vi

de
 t

he
 

w
at

er
 s

up
pl

y 
ne

ce
ss

ar
y 

to
 s

us
ta

in
 t

he
 

w
et

la
nd

 s
ys

te
m

. 
La

rg
e 

am
ou

nt
s 

of
 

se
di

m
en

t 
lo

ad
in

g 
ca

n 
se

ve
re

ly
 d

eg
ra

de
 t

he
 

pe
rf

or
m

an
ce

 o
f t

he
 s

ys
te

m
. 

0 
Q. 
>. 
1- 

S
ed

im
en

t 
C

on
tr

ol
, 

P
ol

lu
ta

nt
 R

em
ov

al
, 

C
on

ta
m

in
an

t 
R

em
ov

al
, 

O
rg

an
ic
 M

at
er

ia
l 

R
em

ov
al

 

E
ro

si
on

 C
on

tr
ol

, 
P

ol
lu

ta
nt

 R
em

ov
al

, 
C

on
ta

m
in

an
t 

R
em

ov
al

, 
O

rg
an

ic
 M

at
er

ia
l 

R
em

ov
al

 

0 
*-> 
c 
0 
Ü 
c 
0 
to 
0 
I— 

UJ 

to > 
- 0 

1 E 
0 CC 

0 c 
cc to 

■K   CO 
M c 
0 0 
a. 0 

CL 

m 
10 
i_ 
ZJ 
o 

CO 

to g. 
*i_ 

CO 
1_ 

0 

il 
TJ 
0 
co 
0 
O) 
0 
> 

to 

0 
■+-» 

to 

T3 
0 
to 
to 
to 

o 

to 

to 
0 
i- 
.0 
T3 
C 

5 

-a 
c 
jo 
■I—» 

0 
5 
0 
Ü 
3 
i_ 

W 
c 
0 
Ü 

< 



(0 
0. 

m 
(0 

ü 

'■s 
(0 

c 
0) 
E 
0) 
O) 
(0 
c 
(0 

(0 
0) 
m 
2 

3 

■D 

g 2 O    CD 

k. u 
10 
0 
Q 

o" E^ 
■S E .2 0 o L: S 

CD 
I 

m 
0 
CD 
to o. 

CD - 
CO 
CD  - 

CO 
3 

© 3 
iS   - s« 
?? 
CO CD 

qj CC 
co T- 
s w 
E°P 

??C0 LU 

0 
x: »~ ** 

£ >< 
g-o 
G 0 

■■s ü 

§§ 
IS 
©^ 

ig 
co 3 

OQCO 
c £ 
<o s 

(0 ,»_ 

5 
C CD  6 

eg-« 

(0 

Q. C ^ 
C   O lie 
"go E 
©i*o 4-»   ™     1_ 
C  CO -5 

CO 

— S > 
Q-OUJ 

XI x> 
a 

o 

3 

s 

8 

1 
J3 

= c © 

-'-go 

£§ 55 E 
i & § S? 3 S 05  C 

«0 as 
to *. 

SI 
CQ   w 

•S  Ä 
is 

10 
Q> 
CO 
CO a. 

CO    --;; 

(0   P 
3   S o>2 

<1 
O 
> 
o 

c 
.0 

o 

CM 

© 

2 o 
3 c 

© £ s ° 5 s 

c 
'55 
A 
XI 

■    £ 
CO 

© 

£? 0   W 

© •£   flj -ö to © 
*- > <o o JO p 

o 

« © 

"58 s (0 ^ 

.ili 
CO   © 

IS 

S I cu 
tö 75 2 

5 «-<= 5 co .« 
■a .© * 

cogS 
r-   1-   CO 
£   O X) 

O 
c 

>> >• 
■Sli 
»- .2 3 
« co£ 
CO TJ   O 

ill 
CO © _ 

o 
CO 

Ö *;s -Q 
> 53 3 

£: 55 w 

© -° © 
2 x: *^ CD 

iH! 
III I 
3 ^ .£ £ 

IS 
> o c 

DC c0 

S| ■ts CO 

J c o o 
Q-Ü 

a. r: 
5 0 c 

0) CQ 

CO 
-3 s 
C) CO 
3 CO 

CQ 
OJ c 

0 

<o 

Z, * CM 
00 

LU £ 

•»- o 

© o j» 

5J g^9 

5^2 

i?< 
O   3 LU 

c 55 

3   0)  CO 
55 

2 

;i 
CD 9 

CO 
3 
c o 
CO ts 
-5 J= 

^r E     >> 

o w S 5 
■^ t= to ■? 

co c 
CD 
c 
CO 

E 

IS. 
^^ T3   CO 
^» CD 

«  CO 

CO 
E 
2 co 

« 55. 
Q-iS 
>» w 
ffl   CD 

CO   3-Ü 

CO   o 

D) *• 

_C0   o 

2? 
0)   o 
CO "O 

co "2 
c «0 
O   (0 

«^ 
CD 

5S « 
XJ CO 
CD   <D 

« 5? 2 2 
jC   «o 

^1 © Z. 
to o 
5-D 
^> CD 

.£ o 
■O Q. 

II to o 

•H   CD 

&.S> 
o w 
x © 

>» a) 
■o 5? 
c co 

II CD 6 
roc 
.0 -a E 
x: c o 
g   CO   CO 

CO 

SO 
O c: 
C   <D 
.2 E 

LU & 

1« 

=   CO   t 
O   3   © 
Q-CO DC 

c 
'co 
co 

CO 
c 
o 

4-« 
c 
CD 

^5 
Q 

co"10 

~   Qj   CD 

H- o_ 2 

C 
O 

CO  ^ 

© n 
E   CO 
© 2. C3) O) 
CO   3 

co 
S§ CM 
i3 *- r^ 
Q 55 ° 
^Ä CD 
C>CQ CD 
CO   v^    ■. 

E   CO T- 

i«p 

Pco UJ 
I 

CO.  o 

E o 
0) 
E s> 
o> 
co 
c 

i^ 
•E 58 

-A 3> o 

D 

1 

CQ 
I 

o 
00 

I 
< 
LU 

52 
Ä 

CO 
c 

cS 

■2 

a 

o 

.0 
> 
o 

cd 
D 
u 

i 

cT§0 

CO 
3 

s si co w 

co 

iS> 
c o 
8ci 
2E 
T3 © 
© 5= 
&© 
CO   3 
CD   "" 

■° a> 
£^ 
co g 
CO   c 

82 
a. co 

§° 
+=   CD 

©i 

j © 
CO *■• 

© ^ 
O CD 

CD ■0 t5 
E .C c +- co 

CD i_ > CD a> 
O 
X) 
m CD 

0. 

CD 
m j_ u r 

CD XI 
O r. co 
a. < 3 

0 

CO 

c 
o 
Q. 

CD 

o a 

CD a> 

o — 
to.e 

© Xi 

©I • E cS-g 
CD   CD   O 
Q.X)   Q. 

CO 
> 

- o 

p 
<D   C 

OC  co 

© S E EcO 5 
■e co 

■— 3 *^ 
"o = £ 0) o o 
CO Q-Ü 

-a 
c 
o 
Q. 
c 
0 

c 
CD 

0 
CC 

.ic C3UJ 
c 
o 
Ü 
c 
o 

'co 
o 

r-   CO 

i.8 
ct J?   ■ 
C U- CO 

S © --o 
O   E   <D   C 
(?   CD X»   CO 

O) CO   §   C 

LU 

■2 ■= C7) -o 
© w   - © 

CO 
.© 

Q«8   I 
?CM« 

*   S<?   CD 
•■§ coCC "5. 

CD 

CO 

CO 
CO 

CO 

■o 
CD 
XI 

2 ^ 
CD > 
o 
Ü 

8> ^ 
© 

® o Ä 

t O 
0x: 
h-  co 

cz 
o 

'co 
2-o5 
0 c to 

>-   o   O) 

»8 :l 
©   0S 
^ © s = « to 
0 X3 >• 
XI CD -Q 
>» *"   C 

c   CO   CO 

© 0 £ x: co © 
coRl 

.■K   3   0 
CO   Q. CO 

P r- c 
o 
Ü 

c 
0 
E 

O "O S 0 
UJ CO 

CO 
c 

TJ 
0 
0 

CO 

CO 

o 
Q. 
E 
0 



(A 
Q. 

ffl 
(A 
O 
O 
IB 
Ü 
(0 
I_       
Q.    h 
+■> c 
0) 
E 
a> 
D) 
ca 
c 
(0 

w 
0 
m 
« 
V. 
3 

4-* 
Ü 
3 

(A 

c 
o 
CO 

E 
i- 
o 

«♦- 
c 

o 
0 u 
k. 
3 
O 

(A 

S
to

rm
 W

at
er

 M
an

ag
em

en
t F

or
 C

on
st

ru
ct

io
n 

A
ct

iv
iti

es
: 

D
ev

el
op

in
g 

P
ol

lu
tio

n 
P

re
ve

nt
io

n 
P

la
ns

 a
nd

 B
es

t M
an

ag
em

en
t P

ra
ct

ic
es

, 
E

P
A

 
83

2-
R

-9
2-

00
5,
 S

ep
te

m
be

r 
19

92
. 

C
ha

pt
er

 3
 -

 S
ed

im
en

t 
an

d 
E

ro
si

on
 C

on
tr

ol
, 

3-
16

 
ht

tp
://

w
w

w
.e

pa
.g

ov
/o

w
m

/s
w

/c
on

gu
id

e/
 

S
to

rm
 W

at
er

 M
an

ag
em

en
t F

or
 C

on
st

ru
ct

io
n 

A
ct

iv
iti

es
: 

D
ev

el
op

in
g 

P
ol

lu
tio

n 
P

re
ve

nt
io

n 
P

la
ns

 a
nd

 B
es

t M
an

ag
em

en
t P

ra
ct

ic
es

, 
E

P
A

 
83

2-
R

-9
2-

00
5,

 S
ep

te
m

be
r 

19
92

. 
C

ha
pt

er
 3

 -
 S

ed
im

en
t 

an
d 

E
ro

si
on

 C
on

tr
ol

, 
3-

20
 

ht
tp

://
w

w
w

.e
pa

.g
ov

/o
w

m
/s

w
/c

on
gu

id
e/

 
S

to
rm

 W
at

er
 M

an
ag

em
en

t F
or

 C
on

st
ru

ct
io

n 
A

ct
iv

iti
es

: 
D

ev
el

op
in

g 
P

ol
lu

tio
n 

P
re

ve
nt

io
n 

P
la

ns
 a

nd
 B

es
t M

an
ag

em
en

t P
ra

ct
ic

es
, 

E
P

A
 

83
2-

R
-9

2-
00

5,
 S

ep
te

m
be

r 
19

92
. 

C
ha

pt
er

 3
 ~

 S
ed

im
en

t 
an

d 
E

ro
si

on
 C

on
tr

ol
, 

3-
24

 
ht

tD
://

w
w

w
.e

D
a.

eo
v/

ow
m

/s
w

/c
on

eu
id

e/
 

S
to

rm
 W

at
er

 M
an

ag
em

en
t F

or
 C

on
st

ru
ct

io
n 

A
ct

iv
iti

es
: 

D
ev

el
op

in
g 

P
ol

lu
tio

n 
P

re
ve

nt
io

n 
P

la
ns

 a
nd

 B
es

t M
an

ag
em

en
t P

ra
ct

ic
es

, 
E

P
A

 
83

2-
R

-9
2-

00
5,

 S
ep

te
m

be
r 

19
92

. 
C

ha
pt

er
 3

 -
 S

ed
im

en
t 

an
d 

E
ro

si
on

 C
on

tr
ol

, 
3-

28
 

ht
tp

://
w

w
w

.e
D

a.
eo

v/
ow

m
/s

w
/c

on
eu

id
e/

 

c 
o 
g. 
u 
(0 
0 
Q 

M
ul

ch
in

g 
ca

n 
be

 u
se

d 
in
 a

re
as

 w
he

re
 

te
m

po
ra

ry
 s

ee
di

ng
 c

an
no

t 
be

 u
se

d 
du

e 
to

 
te

m
pe

ra
tu

re
 o

r 
cl

im
at

e.
 

P
er

m
an

en
t 

se
ed

in
g 

of
 g

ra
ss

 a
nd

 p
la

nt
in

g 
of

 
tr

ee
s 

an
d 

br
us

h 
st

ab
ili

ze
s 

th
e 

so
il 

by
 h

ol
di

ng
 

so
il 

pa
rt

ic
le

s 
in
 p

la
ce

. 

P
re

se
rv

at
io

n 
of

 v
eg

et
at

io
n 

on
 a

 s
ite

 s
ho

ul
d 

be
 p

la
nn

ed
 b

ef
or

e 
an

y 
si

te
 d

is
tu

rb
an

ce
 

be
gi

ns
. 

T
hi

s 
pr

ac
tic

e 
is
 u

se
d 

as
 a

 
pe

rm
an

en
t c

on
tr

ol
 m

ea
su

re
 a

nd
 is

 
ap

pl
ic

ab
le

 t
o 

al
l t

yp
es

 o
f 

si
te

s.
 

S
tr

ea
m
 b

an
k 

st
ab

ili
za

tio
n 

is
 u

se
d 

w
he

re
 

ve
ge

ta
tiv

e 
st

ab
ili

za
tio

n 
pr

ac
tic

es
 a

re
 n

ot
 

pr
ac

tic
al

 a
nd

 w
he

re
 s

tr
ea

m
 b

an
ks

 a
re

 
su

bj
ec

t t
o 

he
av

y 
er

os
io

n 
fr

om
 i

nc
re

as
ed

 
flo

w
s 

or
 d

is
tu

rb
an

ce
. 

T
yp

ic
al

 m
et

ho
ds

 o
f 

st
re

am
 b

an
k 

st
ab

ili
za

tio
n 

in
cl

ud
e:
 r

ip
ra

p,
 

ga
bi

on
, 

re
in

fo
rc

ed
 c

on
cr

et
e,

 l
og

 c
rib

bi
ng

, 
gr

id
 p

av
er

s,
 a

nd
 a

sp
ha

lt.
 

0 
Q. 
>. 
H 

o 
c o 
Ü 
c o 

'to o 
UJ E

ro
si

on
 C

on
tr

ol
, 

S
ed

im
en

t 
C

on
tr

ol
 

o 
k_ 
^™< c o 
Ü 
c o 

'to o 
I. 

UJ 

o 
V. •*^ 
C 
o 
Ü 
c o 

'to o 
UJ 

0_ 

CO 

75 

Ü 
k_ 

CO 

1c o 

5 P
er

m
an

en
t 

S
ee

di
ng

 a
nd

 
P

la
nt

in
g 

P
re

se
rv

at
io

n 
of

 N
at

ur
al

 
V

eg
et

at
io

n 

c 
o 
ca 

_N 

ro 
CO 

c 
CO 

CQ 

E 
CO 
0 
i_ 

CO 



ü 
3 

5) 

c 
o 
% 
E 
i_ 
o 
c 

"5 
© u 
l_ 
3 
O 
w 

1)
 S

to
rm

 W
at

er
 M

an
ag

em
en

t F
or

 
C

on
st

ru
ct

io
n 

A
ct

iv
iti

es
: 

D
ev

el
op

in
g 

P
ol

lu
tio

n 
P

re
ve

nt
io

n 
P

la
ns

 a
n

d
 B

es
t M

an
ag

em
en

t 
P

ra
ct

ic
es

, 
E

P
A

 8
32

-R
-9

2-
00

5,
 S

ep
te

m
be

r 
19

92
. 

C
ha

pt
er

 3
 -

 S
ed

im
en

t 
an

d 
E

ro
si

on
 C

on
tr

ol
, 

3-
58

 
ht

tD
://

w
w

w
.e

oa
.g

ov
/o

w
m

/s
w

/c
on

gu
id

e/
 

2)
 U

rb
an

 B
es

t M
an

ag
em

en
t P

ra
ct

ic
es

 fo
r 

N
on

po
in

t S
ou

rc
e 

P
ol

lu
tio

n,
 P

ro
du

ce
d 

by
 th

e 
P

oi
nt

 a
n

d
 N

on
po

in
t S

ou
rc

e 
P

ro
gr

am
s,

 W
at

er
 

Q
ua

lit
y 

D
iv

is
io

n,
 W

yo
m

in
g 

D
ep

ar
tm

en
t o

f 
E

nv
iro

nm
en

ta
l Q

ua
lit

y,
 F

eb
ru

ar
y 

19
99

. 
ht

tp
 :/

/d
ea

. s
ta

te
. w

v.
 u

s/
w

ad
/u

rb
bm

od
oc

 .h
tm

 
1)

 S
to

rm
 W

at
er

 M
an

ag
em

en
t F

or
 

C
on

st
ru

ct
io

n 
A

ct
iv

iti
es

: 
D

ev
el

op
in

g 
P

ol
lu

tio
n 

P
re

ve
nt

io
n 

P
la

ns
 a

n
d

 B
es

t M
an

ag
em

en
t 

P
ra

ct
ic

es
, 

E
P

A
 8

32
-R

-9
2-

00
5,

 S
ep

te
m

be
r 

19
92

. 
C

ha
pt

er
 3

 -
 S

ed
im

en
t a

nd
 E

ro
si

on
 C

on
tr

ol
, 

3-
70

 
ht

tD
://

w
w

w
.e

D
a.

go
v/

ow
m

/s
w

/c
on

gu
id

e/
 

2)
 U

rb
an

 B
es

t M
an

ag
em

en
t P

ra
ct

ic
es

 f
or

 
N

on
po

in
t S

ou
rc

e 
P

ol
lu

tio
n,

 P
ro

du
ce

d 
by

 th
e 

P
oi

nt
 a

nd
 N

on
po

in
t 

S
ou

rc
e 

P
ro

gr
am

s,
 W

at
er

 
Q

ua
lit

y 
D

iv
is

io
n,

 W
yo

m
in

g 
D

ep
ar

tm
en

t 
of

 
E

nv
iro

nm
en

ta
l Q

ua
lit

y,
 F

eb
ru

ar
y 

19
99

. 
ht

tp
://

de
q.

st
at

e.
w

v.
us

/w
qd

/u
rb

bm
pd

oc
.h

tm
 

c 
o 
5 
o 
© 
Q 

S
ed

im
en

t t
ra

ps
 r

et
ai

n 
th

e 
ru

no
ff 

lo
ng

 
en

ou
gh

 to
 a

llo
w

 m
os

t o
f t

he
 s

ilt
 to

 s
et

tle
 o

ut
. 

T
he

 tr
ap

 s
ho

ul
d 

be
 la

rg
e 

en
ou

gh
 to

 a
llo

w
 

th
e 

se
di

m
en

ts
 to

 s
et

tle
 a

nd
 s

ho
ul

d 
ha

ve
 th

e 
ca

pa
ci

ty
 to

 s
to

re
 th

e 
co

lle
ct

ed
 s

ed
im

en
t 

un
til

 
it 

is
 r

em
ov

ed
. 

G
ra

di
en

t t
er

ra
ce

s 
ar

e 
ea

rt
h 

em
ba

nk
m

en
ts

 o
r 

rid
ge

-a
nd

-c
ha

nn
el

s 
co

ns
tr

uc
te

d 
al

on
g 

th
e 

fa
ce

 o
f a

 s
lo

pe
 a

t 
re

gu
la

r 
in

te
rv

al
s.
 

T
he

y 
ar

e 
co

ns
tr

uc
te

d 
at

 a
 p

os
iti

ve
 g

ra
de

 a
nd

 
re

du
ce

 e
ro

si
on

 d
am

ag
e 

by
 c

ap
tu

rin
g 

su
rf

ac
e 

ru
no

ff 
an

d 
di

re
ct

in
g 

it 
to

 a
 s

ta
bl

e 
ou

tle
t 

at
 a

 v
el

oc
ity

 th
at

 m
in

im
iz

es
 e

ro
si

on
. 

G
ra

di
en

t t
er

ra
ce

s 
ar

e 
us

ua
lly

 li
m

ite
d 

to
 u

se
 

on
 lo

ng
, 

st
ee

p 
sl

op
es

 w
ith

 a
 w

at
er

 e
ro

si
on

 
pr

ob
le

m
, 

or
 w

he
re

 it
 is

 a
nt

ic
ip

at
ed

 t
ha

t 
w

at
er

 
er

os
io

n 
w

ill
 b

e 
a 

pr
ob

le
m

. 
T

he
y 

w
ill
 b

e 
ef

fe
ct

iv
e 

on
ly

 w
he

re
 s

ui
ta

bl
e 

ru
no

ff 
ou

tle
ts

 
ar

e 
or

 w
ill
 b

e 
m

ad
e 

av
ai

la
bl

e.
 

8. >> 

o u. 
■*-» 

C o o 
c 
© 
E 
© 

CO E
ro

si
on

 C
on

tr
ol

 

Q. 

m 
2 
3 
ü 
1— 

CO 

Q. 
2 
I- 
c 
© 
E 
© 

CO G
ra

di
en

t T
er

ra
ce

s 

(0 o. 

CD 

W 
© u 

'■5 
2 
c 
a> 
E 
a> 
o> 
(0 c 

(A 
a> 
03 
15 

00 



c 
_o 
"■^ 

CO 

E 
o 
c 

o 
0) 
Ü >- 
3 
o 

CO 

S
to

rm
 W

at
er

 M
an

ag
em

en
t F

o
r 

C
on

st
ru

ct
io

n 
A

ct
iv

iti
es

: 
D

ev
el

op
in

g 
P

ol
lu

tio
n 

P
re

ve
nt

io
n 

P
la

ns
 a

nd
 B

es
t M

an
ag

em
en

t P
ra

ct
ic

es
, 

E
P

A
 

83
2-

R
-9

2-
00

5,
 S

ep
te

m
be

r 
19

92
. 

C
ha

pt
er

 3
 -

 S
ed

im
en

t 
an

d 
E

ro
si

on
 C

on
tr

ol
, 

3-
60

 
ht

tp
://

w
w

w
.e

pa
.g

ov
/o

w
m

/s
w

/c
on

gu
id

e/
 

U
rb

an
 B

es
t M

an
ag

em
en

t P
ra

ct
ic

es
 f

or
 

N
on

po
in

t S
ou

rc
e 

P
ol

lu
tio

n,
 P

ro
du

ce
d 

by
 th

e 
P

oi
nt

 a
nd

 N
on

po
in

t 
S

ou
rc

e 
P

ro
gr

am
s,

 W
at

er
 

Q
ua

lit
y 

D
iv

is
io

n,
 W

yo
m

in
g 

D
ep

ar
tm

en
t 

of
 

E
nv

iro
nm

en
ta

l Q
ua

lit
y,
 F

eb
ru

ar
y 

19
99

. 
ht

tp
://

de
q.

st
at

e.
w

v.
us

/w
qd

/u
rb

bm
pd

oc
.h

tm
 

U
rb

an
 B

es
t M

an
ag

em
en

t P
ra

ct
ic

es
 f

or
 

N
on

po
in

t S
ou

rc
e 

P
ol

lu
tio

n,
 P

ro
du

ce
d 

by
 th

e 
P

oi
nt

 a
nd

 N
on

po
in

t 
S

ou
rc

e 
P

ro
gr

am
s,

 W
at

er
 

Q
ua

lit
y 

D
iv

is
io

n,
 W

yo
m

in
g 

D
ep

ar
tm

en
t 

of
 

E
nv

iro
nm

en
ta

l Q
ua

lit
y,
 F

eb
ru

ar
y 

19
99

. 
ht

tp
://

de
q.

st
at

e.
w

v.
us

/w
qd

/u
rb

bm
pd

oc
.h

tm
 

S
to

rm
 W

at
er

 M
an

ag
em

en
t F

or
 C

on
st

ru
ct

io
n 

A
ct

iv
iti

es
: 

D
ev

el
op

in
g 

P
ol

lu
tio

n 
P

re
ve

nt
io

n 
P

la
ns

 a
nd

 B
es

t M
an

ag
em

en
t P

ra
ct

ic
es

, 
E

P
A

 
83

2-
R

-9
2-

00
5,

 S
ep

te
m

be
r 

19
92

. 
C

ha
pt

er
 3

 ~
 S

ed
im

en
t 

an
d 

E
ro

si
on

 C
on

tr
ol

, 
3-

17
. 

ht
tp

://
w

w
w

.e
pa

.g
ov

/o
w

m
/s

w
/c

on
gu

id
e/

 
U

rb
an

 B
es

t M
an

ag
em

en
t P

ra
ct

ic
es

 f
or

 
N

on
po

in
t S

ou
rc

e 
P

ol
lu

tio
n,
 P

ro
du

ce
d 

by
 th

e 
P

oi
nt

 a
nd

 N
on

po
in

t 
S

ou
rc

e 
P

ro
gr

am
s,

 W
at

er
 

Q
ua

lit
y 

D
iv

is
io

n,
 W

yo
m

in
g 

D
ep

ar
tm

en
t 

of
 

E
nv

iro
nm

en
ta

l Q
ua

lit
y,
 F

eb
ru

ar
y 

19
99

. 
ht

tp
://

de
q.

st
at

e.
w

v.
us

/w
qd

/u
rb

bm
pd

oc
.h

tm
 

c 
o 
Q. 

'iZ 
u 
0) 
0 
a 

A
 te

m
po

ra
ry

 s
ed

im
en

t 
ba

si
n 

is
 a

 s
et

tli
ng

 
po

nd
 w

ith
 a

 c
on

tr
ol

le
d 

st
or

m
 w

at
er

 r
el

ea
se

 
st

ru
ct

ur
e 

us
ed

 t
o 

co
lle

ct
 a

nd
 s

to
re

 s
ed

im
en

t 
pr

od
uc

ed
 b

y 
co

ns
tr

uc
tio

n 
ac

tiv
iti

es
. 

S
ed

im
en

t 
ba

si
ns

 c
an

 b
e 

de
si

gn
ed

 t
o 

m
ai

nt
ai

n 
a 

pe
rm

an
en

t 
po

ol
 o

r 
to

 d
ra

in
 

co
m

pl
et

el
y 

dr
y.
 

It 
is
 i

m
po

rt
an

t t
o 

no
te

 th
at

 
th

es
e 

ba
si

ns
 s

ho
ul

d 
no

t 
be

 b
ui

lt 
on

 a
n 

em
ba

nk
m

en
t 

or
 in

 a
n 

ac
tiv

e 
st

re
am

. 

M
ul

tip
le

 p
on

d 
sy

st
em

s 
ar

e 
a 

cl
us

te
r 

of
 

po
nd

s 
th

at
 in

co
rp

or
at

e 
re

du
nd

an
t 

ru
no

ff 
tr

ea
tm

en
t t

ec
hn

iq
ue

s 
w

ith
in

 a
 s

in
gl

e 
po

nd
 o

r 
a 

se
rie

s 
of

 p
on

ds
. 

R
un

of
f 

is
 d

iv
er

te
d 

th
ro

ug
h 

a 
po

ro
us

 a
sp

ha
lt 

la
ye

r 
in

to
 a

n 
un

de
rg

ro
un

d 
st

on
e 

re
se

rv
oi

r.
 

T
he

 u
se

 o
f 

po
ro

us
 p

av
em

en
t 

is
 c

on
st

ra
in

ed
 

to
 d

ee
p 

an
d 

pe
rm

ea
bl

e 
so

ils
, 

ar
ea

s 
of

 
re

st
ric

te
d 

tr
af

fic
, 

an
d 

su
ita

bl
e 

ad
ja

ce
nt

 la
nd

 
us

es
. 

G
eo

te
xt

ile
s 

ca
n 

be
 u

se
d 

al
on

e 
as

 m
at

tin
g 

fo
r 

flo
w

 s
ta

bi
liz

at
io

n 
on

 c
ha

nn
el

s 
an

d 
sw

al
es

 
or

 a
s 

se
pa

ra
to

rs
 b

et
w

ee
n 

so
il 

an
d 

rip
ra

p 
to

 
pr

ev
en

t 
er

os
io

n 
be

ne
at

h 
rip

ra
p 

an
d 

m
ai

nt
ai

n 
a 

st
ab

le
 b

as
e.

 

C
on

cr
et

e 
gr

id
 p

av
em

en
t 

is
 a

n 
al

te
rn

at
iv

e 
to

 
co

nv
en

tio
na

l a
nd

 p
or

ou
s 

pa
ve

m
en

t t
ha

t 
ac

ts
 

lik
e 

an
 i

nf
ilt

ra
tio

n 
sy

st
em

. 
C

on
cr

et
e 

gr
id

 
pa

ve
m

en
t 

ca
n 

di
ve

rt
 la

rg
e 

vo
lu

m
es

 o
f 

po
te

nt
ia

l s
ur

fa
ce

 r
un

of
f t

o 
gr

ou
nd

w
at

er
 

re
ch

ar
ge

 a
nd

 r
ed

uc
e 

do
w

ns
tr

ea
m

 f
lo

od
in

g.
 

0 
Q. 
> 

o 
v_ 

■*-» 

c 
o 
Ü 
c 
0 
E 

TJ 
0 

CO 

. o 
°£ 
c   ° oO 
" c 
C   0 
.2 E 
£ 0 

UJ CO S
ed

im
en

t 
C

on
tro

l, 
N

ut
rie

nt
 R

em
ov

al
, 

T
ra

ce
 M

et
al
 R

em
ov

al
, 

O
rg

an
ic
 M

at
te

r 
R

em
ov

al
 

o 
c 
o 
Ü 
c 
o 

'to 
o 

111 

s" > 
c P 
o £ 
§ 5 c  CO 

T3 = 
0   O 

CO CL 

m 
10 
-•—< 
Ü 
i_ 

■♦-» 

CO 

C 
'to 
CO m 

■*-» 

c 
0 
E 

TJ 
0 

CO 

co 
o 
Q. 
E 
0 

CO 

E 
0 ^-* 
CO >% 

CO 
T> 
C 
o 

CL 
0 
Q. 

"3 
2 

c 
0 
E 
0 > 
to 

D_ 
to 
o 
o 
0. G

eo
te

xt
ile

s 
(a

ls
o 

kn
ow

n 
as

 r
oa

d 
ru

gs
, 

sy
nt

he
tic

 f
ab

ric
 o

r 
co

ns
tr

uc
tio

n 
fa

br
ic

) 

C 
0 
E 
0 > 
CO 

Q_ 

TJ 

Ü 
0 
0 
Ü 
c 
o 
O 

(0 
OL 

ffl 
(A 
0 
O 

"45 
O 
(0 

*■« c 
0 
E 
0 
CD 
(0 
c 
(0 

(0 
V 
m 
15 
i_ 
3 
+J 
Ü 
3 

5) 

ON 



Ui 
tL 
5 
m 
w 
0) u 
T5 n 
fc«   _ 

C o 
E 
<ü 
D> m c 
(0 
2 
to 
0) 
m 
15 

o 
3 

c 
o 
+3 n 
E 
k. 
o «^ 
c 

i 
ffl 
o 
3 
O 
(0 

U
rb

an
 ß

es
f M

an
ag

em
en

t P
ra

ct
ic

es
 f

or
 

N
on

po
in

t S
ou

rc
e 

P
ol

lu
tio

n,
 P

ro
du

ce
d 

by
 th

e 
P

oi
nt

 a
nd

 N
on

po
in

t 
S

ou
rc

e 
P

ro
gr

am
s,

 W
at

er
 

Q
ua

lit
y 

D
iv

is
io

n,
 W

yo
m

in
g 

D
ep

ar
tm

en
t 

of
 

E
nv

iro
nm

en
ta

l Q
ua

lit
y,
 F

eb
ru

ar
y 

19
99

. 
ht

tD
.7

/d
ea

.s
ta

te
. w

v.
us

/w
ad

/u
rb

bm
D

do
c.

ht
m

 

1)
 U

rb
an

 B
es

t M
an

ag
em

en
t P

ra
ct

ic
es

 f
or

 
N

on
po

in
t S

ou
rc

e 
P

ol
lu

tio
n,
 P

ro
du

ce
d 

by
 th

e 
P

oi
nt

 a
nd

 N
on

po
in

t 
S

ou
rc

e 
P

ro
gr

am
s,

 W
at

er
 

Q
ua

lit
y 

D
iv

is
io

n,
 W

yo
m

in
g 

D
ep

ar
tm

en
t 

of
 

E
nv

iro
nm

en
ta

l Q
ua

lit
y,
 F

eb
ru

ar
y 

19
99

. 
ht

tD
://

de
q.

st
at

e.
w

v.
us

/w
ad

/u
rb

bm
D

do
c.

ht
m

 
2)

 G
ui

da
nc

e 
S

pe
ci

fy
in

g 
M

an
ag

em
en

t 
M

ea
su

re
s 

fo
r S

ou
rc

es
 o

f N
on

po
in

t P
ol

lu
tio

n 
in

 
C

oa
st

al
 W

at
er

s,
 E

P
A

-8
40

-B
-9

3-
00

1c
, 

Ja
nu

ar
y 

19
93

. 
ht

tp
://

w
w

w
.e

D
a.

eo
v/

ow
ow

/n
D

s/
M

M
G

I 

U
rb

an
 B

es
t M

an
ag

em
en

t P
ra

ct
ic

es
 f

or
 

N
on

po
in

t S
ou

rc
e 

P
ol

lu
tio

n,
 P

ro
du

ce
d 

by
 th

e 
P

oi
nt

 a
nd

 N
on

po
in

t 
S

ou
rc

e 
P

ro
gr

am
s,

 W
at

er
 

Q
ua

lit
y 

D
iv

is
io

n,
 W

yo
m

in
g 

D
ep

ar
tm

en
t 

of
 

E
nv

iro
nm

en
ta

l Q
ua

lit
y,
 F

eb
ru

ar
y 

19
99

. 
ht

tD
://

de
q.

st
at

e.
 w

v.
us

/w
ad

/u
rb

bm
D

do
c.

ht
m

 

c 
o 
1 
1. u 
3? 
Q 

S
an

d 
fil

te
rs

 a
re

 a
 r

el
at

iv
el

y 
ne

w
 te

ch
ni

qu
e 

fo
r 

tr
ea

tin
g 

st
or

m
 w

at
er

, 
w

he
re

by
 th

e 
fir

st
 

flu
sh

 o
f 

ru
no

ff 
is

 d
iv

er
te

d 
in

to
 a

 s
el

f-
 

co
nt

ai
ne

d 
be

d 
of

 s
an

d.
 R

un
of

f 
is

 t
he

n 
st

ra
in

ed
 t

hr
ou

gh
 t

he
 s

an
d,

 c
ol

le
ct

ed
 in

 
un

de
rg

ro
un

d 
pi

pe
s 

an
d 

re
tu

rn
ed

 b
ac

k 
to

 th
e 

st
re

am
 o

r 
ch

an
ne

l. 
E

nh
an

ce
d 

sa
nd

 f
ilt

er
s 

ut
ili

ze
 la

ye
rs

 o
f 

pe
at

, 
lim

es
to

ne
, 

an
d/

or
 

to
ps

oi
l a

nd
 m

ay
 a

ls
o 

ha
ve

 a
 g

ra
ss

 c
ov

er
. 

T
hi

s 
pr

ac
tic

e 
is
 u

se
fu

l i
n 

w
at

er
sh

ed
s 

w
he

re
 

gr
ou

nd
w

at
er

 q
ua

lit
y 

co
nc

er
ns

 p
re

ve
nt

 u
se

 o
f 

in
fil

tr
at

io
n,

 a
nd

 in
 u

rb
an

 a
re

as
 w

ith
 s

iz
e 

re
st

ric
tio

ns
. 

A
 w

at
er

 q
ua

lit
y 

in
le

t 
is

 a
 th

re
e-

ch
am

be
re

d 
un

de
rg

ro
un

d 
re

te
nt

io
n 

sy
st

em
 d

es
ig

ne
d 

to
 

re
m

ov
e 

he
av

y 
pa

rt
ic

ul
at

es
 a

nd
 s

m
al

l 
am

ou
nt

s 
of

 p
et

ro
le

um
 p

ro
du

ct
s 

fr
om

 s
to

rm
 

w
at

er
 r

un
of

f. 
A

s 
w

at
er

 fl
ow

s 
th

ro
ug

h 
th

e 
th

re
e 

ch
am

be
rs

, 
oi

l a
nd

 g
re

as
e 

se
pa

ra
te

 
fr

om
 t

he
 s

to
rm

 w
at

er
 a

nd
 a

re
 s

ki
m

m
ed

 o
ff 

an
d 

he
ld

 in
 a

 c
at

ch
 b

as
in

 o
r 

st
or

ag
e 

ta
nk

. 
T

he
 s

to
rm

 w
at

er
 th

en
 p

as
se

s 
on

 t
o 

th
e 

st
or

m
 s

ew
er

 o
r 

in
to

 a
no

th
er

 s
to

rm
 w

at
er

 
po

llu
tio

n 
co

nt
ro

l d
ev

ic
e.

 

O
il 

w
at

er
 s

ep
ar

at
or

s 
pe

rf
or

m
 a

 s
im

ila
r 

fu
nc

tio
n 

w
ith

 o
il 

sk
im

m
ed

 o
ff 

an
d 

co
nt

ai
ne

d 
in
 a

 s
to

ra
ge

 ta
nk

 w
hi

le
 th

e 
w

at
er

 c
on

tin
ue

s 
on

 t
o 

th
e 

sa
ni

ta
ry

 s
ew

er
. 

V
eh

ic
le

 t
ra

ck
in

g 
co

nt
ro

ls
 s

ta
bi

liz
e 

co
ns

tr
uc

tio
n 

si
te

 e
nt

ra
nc

es
 a

nd
 u

su
al

ly
 

co
ns

is
t 

of
 a

n 
as

ph
al

t o
r 

ro
ck

 b
ed

 a
t 

le
as

t 5
0 

fe
et

 lo
ng

 t
ha

t s
ep

ar
at

es
 c

on
st

ru
ct

io
n 

ar
ea

s 
fr

om
 p

ub
lic

 r
oa

ds
. 

T
he

 a
sp

ha
lt 

or
 r

oc
k 

be
d 

pr
ov

id
es

 a
n 

ar
ea

 th
at

 r
em

ov
es

 lo
os

e 
se

di
m

en
t f

ro
m

 v
eh

ic
le

 ti
re

s.
 

0) 
Q. 
>> 
H 

ffl -s >   CO 

11 

|.i 
o. z S

ed
im

en
t 

C
on

tr
ol

, 
O

il 
R

em
ov

al
 

o 
i_ 

c 
o 
O 
c 
ffl 
E 
T) 
ffl 

CO 

CL 
5 
m 
1 
3 

■*-» 

O 
3 

5) 
CO 

ffl 
il 
T> c 
ffl 

CO W
at

er
 Q

ua
lit

y 
In

le
ts

/ O
il-

W
at

er
 

S
ep

ar
at

or
s 

CO 

O 

c o 
Ü 
o> 
c 

o 
ffl i_ 
H 
ffl 
Ü 

ffl 
> 

o 
T—I 

I 



c 
o 
CO 

E 
i_ 
o 
c 

o 
0 u i» 
3 
O 

CO 

t/r
ba

n 
ß

es
f M

an
ag

em
en

t P
ra

ct
ic

es
 f

or
 

N
on

po
in

t S
ou

rc
e 

P
ol

lu
tio

n,
 P

ro
du

ce
d 

by
 th

e 
P

oi
nt

 a
nd

 N
on

po
in

t 
S

ou
rc

e 
P

ro
gr

am
s,

 W
at

er
 

Q
ua

lit
y 

D
iv

is
io

n,
 W

yo
m

in
g 

D
ep

ar
tm

en
t 

of
 

E
nv

iro
nm

en
ta

l Q
ua

lit
y,
 F

eb
ru

ar
y 

19
99

. 
ht

tp
://

de
q.

st
at

e.
w

v.
us

/w
qd

/u
rb

bm
pd

oc
.h

tm
 

U
rb

an
 B

es
t M

an
ag

em
en

t P
ra

ct
ic

es
 f

or
 

N
on

po
in

t S
ou

rc
e 

P
ol

lu
tio

n,
 P

ro
du

ce
d 

by
 th

e 
P

oi
nt

 a
nd

 N
on

po
in

t 
S

ou
rc

e 
P

ro
gr

am
s,

 W
at

er
 

Q
ua

lit
y 

D
iv

is
io

n,
 W

yo
m

in
g 

D
ep

ar
tm

en
t 

of
 

E
nv

iro
nm

en
ta

l Q
ua

lit
y,
 F

eb
ru

ar
y 

19
99

. 
ht

tp
://

de
q.

st
at

e.
w

v.
us

/w
qd

/u
rb

bm
pd

oc
.h

tm
 

U
rb

an
 B

es
t M

an
ag

em
en

t P
ra

ct
ic

es
 f

or
 

N
on

po
in

t S
ou

rc
e 

P
ol

lu
tio

n,
 P

ro
du

ce
d 

by
 th

e 
P

oi
nt

 a
nd

 N
on

po
in

t 
S

ou
rc

e 
P

ro
gr

am
s,

 W
at

er
 

Q
ua

lit
y 

D
iv

is
io

n,
 W

yo
m

in
g 

D
ep

ar
tm

en
t 

of
 

E
nv

iro
nm

en
ta

l Q
ua

lit
y,
 F

eb
ru

ar
y 

19
99

. 
ht

tp
 :/

/d
eq

. s
ta

te
, w

 v.
 u

s/
w

qd
/u

rb
bm

pd
oc

 .h
tm

 

C 
_o 
a 
™ o 
CO 
0 
Q 

In
le

t 
pr

ot
ec

tio
n 

co
ns

is
ts

 o
f 

se
di

m
en

t f
ilt

er
s 

ar
ou

nd
 s

to
rm

 d
ra

in
 d

ro
p 

in
le

ts
 o

r 
cu

rb
 in

le
ts

. 
C

on
st

ru
ct

io
n 

ac
tiv

iti
es

 m
ay

 r
es

ul
t 

in
 

si
gn

ifi
ca

nt
 a

m
ou

nt
s 

of
 s

ed
im

en
ts

 e
nt

er
in

g 
st

or
m

 d
ra

in
ag

e 
sy

st
em

s.
 

In
le

t 
pr

ot
ec

tio
n 

sh
ou

ld
 r

em
ai

n 
in
 p

la
ce

 u
nt

il 
th

e 
po

te
nt

ia
l f

or
 

er
os

io
n 

is
 m

in
im

al
. 

G
ra

ve
l-f

ill
ed

 s
an

db
ag

s 
m

ay
 b

e 
pa

ck
ed

 t
ig

ht
ly

 a
ro

un
d 

cu
rb

 i
nl

et
s 

or
 

dr
op

 in
le

ts
 t

o 
fil

te
r 

se
di

m
en

t f
ro

m
 s

to
rm

 
w

at
er

 b
ef

or
e 

it 
en

te
rs

 a
 s

to
rm

 d
ra

in
 s

ys
te

m
. 

S
tr

aw
 b

al
es

 o
r 

fil
te

r 
fa

br
ic

 m
ay

 a
ls

o 
be

 u
se

d 
if 

th
e 

si
tu

at
io

n 
al

lo
w

s 
fo

r 
th

em
 t

o 
be

 
en

tr
en

ch
ed

. 

R
ou

gh
-c

ut
 s

tr
ee

t c
on

tr
ol

s 
ar

e 
di

rt
 b

er
m

s 
or

 
sa

nd
ba

g 
di

ke
s 

us
ed

 t
o 

pr
ev

en
t 

ch
an

ne
l a

nd
 

gu
lly

 e
ro

si
on

 o
n 

un
pa

ve
d 

su
rf

ac
es

. 
C

on
tr

ol
s 

ar
e 

pa
rt

ic
ul

ar
ly

 e
ss

en
tia

l o
n 

st
re

et
s 

cu
t 

on
to

 
sl

op
in

g 
su

rf
ac

es
. 

C
on

tr
ol

s 
ro

ut
e 

sh
ee

t f
lo

w
s 

of
f 

un
pa

ve
d 

an
d 

un
st

ab
le

 s
ur

fa
ce

s 
to

 
st

ab
ili

ze
d 

sw
al

es
 a

lo
ng

 t
he

 s
id

es
 o

f 
ro

ad
s,

 
ot

he
r 

ve
ge

ta
te

d 
ar

ea
s,

 o
r 

de
te

nt
io

n 
po

nd
s.

 
C

on
tr

ol
s 

sh
ou

ld
 b

e 
in

st
al

le
d 

at
 r

eg
ul

ar
 

in
te

rv
al

s 
al

on
g 

th
e 

ro
ad

 (
es

pe
ci

al
ly

 s
lo

pi
ng

 
ro

ad
s)

. 
D

iv
er

si
on

s 
sh

ou
ld
 b

e 
pl

ac
ed

 c
lo

se
r 

as
 s

lo
pe

s 
be

co
m

e 
st

ee
pe

r.
 

E
ro

si
on

 c
on

tr
ol
 b

la
nk

et
s 

ar
e 

us
ed

 i
n 

pl
ac

e 
of

 
m

ul
ch

 o
n 

ar
ea

s 
of

 h
ig

h 
ve

lo
ci

ty
/h

ig
h 

ru
no

ff 
an

d/
or

 o
n 

st
ee

p 
gr

ad
es

 t
o 

co
nt

ro
l 

er
os

io
n 

on
 

cr
iti

ca
l a

re
as

 b
y 

pr
ot

ec
tin

g 
yo

un
g 

ve
ge

ta
tio

n.
 

0 a > 

- o 
2^ 
c   ° oO 

C   0 
.2 E 
8=5 
C   0 

UJ CO 

o i_ 

c o 
Ü 
c o 
CO o 
I— 

LU 

o i_ 

c 
o 
Ü 
c 
o 

'co 
o 

UJ 

Q_ 

CQ 

15 
1_ 

o 

CO 

q 
ü 
0 
o 

Q. 
0 

CO 

o 
♦- c o 
Ü 

0 
0 

CO 

3 
Ü 

1 
SI 
CD 
3 
o 

cc 

0 

c 
co 

CD 

Ö 
■*—> c o 
Ü 
c o 
CO o 
L. 

UJ 



o 

v. XI 
«S-o 

IS lüg 

o °- c 
—   CD t= 

" E^ 
0 CftQ. 
_  jS u 
3 I § O  S  3 

CO CO 
CD *- 

OQ.E 
c ° 

11 
(A 
Q. 
s 
ffl 
(0 
CD 
o 
1 
(0 

0) 
E 
0) 
o» 
(0 
c 
(0 
S 
% 
ffl 
75 

o 
3 

a> CD 
CO ,_ 

glsl 

Q. 
V 
2 
3 
O 

CO 

®   3   R Q ^ •£ 

E >: 5t 

c o o (0 
'> 

"go 
cd 

"a 
3 
> 

.2 co 

.£ <o > 
Q. O LU 

CD 

©  O CO  o  £ 
"R **   -•is '■« 

-C   O   w. 

o CO 
o> 

Q. <D -C 
O 0.*" 
*=   O   <1) 
® "w 9- 
~   2   M 
Ego 

5.« 

f 8* 
CD   CD ^ 

£   *   O 
£ ° a 
3 5 >- ■op» 
C C tl 
° 2 > 

3   «» 

T3   O 

a« 
= £ 
■8 « CO   r> 
CO   M_ 

C0   ° 
s§ 

Q. CD 

c 
o 
Ü 
c 
o 
CO 

2 
LU 

CO 
c 
'2 
D 
CD 
Q. 
O 

CO 

2 
o 
Q. 
E 
CD 

CD   CD 

£15, 
£% fe -°   - 

«ST»   » 

|8| •S x> o> 
ÜÖ o 
SD.Q- 
Q.   _r CD 

■s.i| 
gS   O 
c =3 CO 

lie 
5 o © 
to«2 

CD *- TJ 
CQ.5C 
c  O CO 

I?! 
|_i£ÖLu£ 

D 
E 

coi E 
CD O) jz 
E°!d ■co 
CO   >»-9 

D) CD   S 

o 
3 

Pi >   2   2 
d u 

T3 

CO 

c 
CD 

E 

s 

_>■ CD E 
o 

£      .}=   , 75 CD 

_   CO   CO 

o-o 
2 2 i= Xi 

O to 
i?=5 

O   CD 

i.i 
«- TJ 
o> 2 c  «> 

■C   O) 
CD .2 
> t: 
-a CD 

~ O O) Xl T3 

O ^  O   o 
Q.- 
O 

TJ 
© _ 
Ü CO 
«CO 

£"5 
O  m o 3> 
•ft « O XI 

CO i- 
CD  O 

■S'e- 

CO 

co £ 
® co 

2 g 

P Q   3 

•2 t 
c i: 
a. > 
2j 
CD   <D 

E£ 
CD   O   g 
co _ .2 
CO   O   CO >   <"   CD   O   CD 

s 0 o '■« c 
s « ® •=   CD   C 

5   CD T3 
£   >   CD 
3 CTW 

*- C   CD 
C *=   O 
CD C   3 

■n (11X1 
«E 2 

c o 
Ü 
c 
o 
CO 

2 
LU 

CD 

Q 
c 
o 
'2 
CD > 
b 

2 
o a 
E 
CD 

E2 

o a 

CO 
CD 

■D 
O 

CO 
CD 
Q. 

2 
CD 

CO 
c 
o 

?2fc§ 
CD 

E 
co 
CO 

CD 
x: 

c 
CO 
I— 

CD 
> 
o 
co" 
CD 

-a 
c 

 CO 

>. CD 
J=* CO  o 

w w c o © ~ i= 
:=   -t Co -rr ^   

■if CD .2 
A ■•-• ^ 
<"   CD   _ .s t -Si 2 co -, 

O   £ .5   Q. 

CD 
Xj _ 
u_     CO 
0 E 
= CO 
CO   >_ 

2£ 
CD . 

-5 "O 5 £ 
Q. CD 

1 o 3 Ü 
CO   0) 
t- >- 

£, CD .2*^ 
Sei 
3   Ü 

.2" co 
— "O co 5 
o g- 

=   CO   £X = 

■o XI 
CD   CD 

OQ. 
CO   CO 

C 
CO   p. 

2| o £ 

Ü co 
■Ä °- C0   3 
° c 
SS   CO CO   gj 

-C Ö 
Ü _ 
3 = 
CO Q. 

CO   W 

■Ü   >- c o 
CD >^ 

■2 "O 
O ® 
W « 
XI 3 

CO CD 

S        -D 
>     .   <D 

8^S c  S  *" co s -o 

s *§ O   CO    _ 

!?§§ 
CO   Q. CD 
CO   CO J3 

.3>-B c 
TJ   i-   CO 
Q.°   ° 
2   »-£ «   CD   CO 
co *S -c 
CO  2  ffi 

■S«! 
a s is 
co £ CO 

cs 
T-H 

I 

< 

_- c o o 
c° 
o c 
2 2 
s"i ■ti. co 
= c 
o o 

Ü 

Ü 

CD 

C 
CD 
Ü 

O) 
c 

CO 
o 
'E 
CD 
X 
Ü 



(0 
V o 
u 
(0 

c 
© 
E 
© 
O) 
(0 
c 
OS 

(0 
© 
m 

u 
3 
i- *-> 
0) 
C 
o 

a 
,C 

■C 
CO 

c 
o 
« 
E 

a 
1 

a> 
o w 
3 
O 
(0 

c 
I 
c 
CD 
E 
CD 
O) 

c 
I 
a 
.CO 

E a 
CO 

•o 
o 

■* 

ON 
ON 
f/t 

X) 
3 
O 
■> 

o 
m 

o 
o 
o £ 
CM > 
i • <> 
CO t» 
3 
CO 
3 
< # 

w 
CO 
.2 
c 
CO 

u 
0) 
<u 
Q 

3 
cj 

XI 
c 
co 
X   3 

u   0 

O   C   CD 
*-   CO 

ES° 
o   <D   (0 
2 COQ. 
*■   CD ^ 

CO   -* 
3 —r 

C 
CO 

CO 

•O -S — -K 
CO   CD 

_   C   CD 
XI   CO   CD -C 

«Sis 
CD   CL-fc   CO 

o 
CO 

Q. 
3 

C 
CO 
0 
o 
X 
C 
co 
c 

'CO 

c 
o 
o 

_>< 
Q. 
E o 

Q. 

co 
0 2 
>. 3 E 
« ° ° 
c s= w 
o to "O 

- CD 

c -^to 
_ .2 $ c 
"ZZ   '*-'   .5   'r- o «5 £ 
o>a5 «a 

c 
CD > 
O 
CO   CO 

CO 

O s 

tn 

co< Y 
.2 . co 
b; (0  3 
3 CD XI 

"a m > CD 
c 2 co co 
CO   C Q. 3 

ffi 
2 
3 

W c o 
z 

D) 
C 
Q. 
CD 
<D 

j«: 
CD 
CO 
3 
o 
X 
X 
O 
O 
Ü 

a 
.c 
-c 
CO 
co 

c 
CD 

E 
CD 
O) 
CO 
c 
co 

-a 
o 

ON 
ON 

X> 
3 

.Q 
"> 
o, 
5o 

a8g 
CO o > 
> CM > 
-^ *^ o 
c:  co <u 
E   3 > 
hzi 
CO <   =: 

co 
«08 

JS .£S *S .-2 

co° 
ffi« 

CD X) = 
CD 

E X 
CO X 
CO C 
CD   CO 

«I V> 
<*> -2 COX 
CO *- 

O ° 
«   g 
x o 
£ °- C0 CO 
COX 
•2x 

3 XI 

-§ X 
C 
CO c 

£1 .2 
CO Ü 
•C CD 

£ Ü 
E o 
f £ 
5 ~ 
co £ 
Q.    . 

CD CD 

Ü 
C 

- co 
o § 
"° c 
CD   O 
CO   o o    . 
x: c 
«S 
C XI 

Q E 
. O 

<D to 
co -D" 
5 c 

§1 
O   CO 
to   CD 
0) £ 
to o 
c ~ 
E CD 
co S; 

CO 

CO 

o 
■^ s 
CD O 

CD Ü 

? ^ 
o -^ 
0 3 
CD zr 
co 2 
co _o 
1 <ü iS x: 
O X) 

°-o 
CD   CD 

CD CD 

5 CD 
CO c ll 

co 
co 
0 
c 
3 
i_ 
0 
co 

CO c 
C   0 

> E 
gto 
0 2 

Q. 
Q. 
CO 

E 
0 
to 
>% 
CO 

CO 
c 
'o. 
0 
0 

JSt 
0 
CO 
3 
o 
x 
TJ 
O 
O 
Ü 

c 
a 

co 
^3 

4w D 

C Tf «) l—i 

E ON 

«it 
Os n 
10 -> 
c n 
CD ■— 

5 o 

a o 
o 

co o 
^ CM > 

a 
to 
3 
CD 
-I 

1) 

CO < S 

0 
Q. 

=S     - CD 
?   CO   > 
o o 
•E to n - m   ° 
P ä^ E   <1> ^» 
Q>    CO   »= 

w to °> 
Q. 5 2 

°E 
CO   <D 

1^ CO   CO 

-° 0 
C   Ü 

■2 S .=   CO 
Ü 

<D B   §   § 
OH   c5 
"o P o co 
=  CO o -E 
">.|uE 

■2 S § ~ 
CO 
co o 
0 T3   CO 

jo "55 co 

§51 ö TT co o a 
ü   O XJ   CO 

0 
to 
5 
E 

co 
c 
Q. 
0 
0 

0 
CO 
3 
o 
x 
TJ 
O 
O 

CD 

c 
a 

CO 
.co 

-a 
o 

c TT 
CD 

E ON 

Cll 
C3) n 
CO 3 
c n 
co 
? o 

a o 
o 

co o 
£ CM > 

E" a 
CO 
3 
CO 
3 

(L) 

CO < £ 

co 
-C XI 
*" C  -r, 
CO CO ^ 

E ^ co 

■a to § 
o CD 2 
'^ 5 9- 
« <B c 
Q.^   0 

o 5 o — ^-* 
0 c 
0 CO 

I 

< 

CO   CO .a- 

co co 
CO   CD 

i.i 
CO   CO . o 

I 8 
CO CD" 
C XI 

8 2 

CO XI 
XI c 
■5 « 
2" "2 

O CD 
■*-* i_ 
CO  CO 

x: 
go 
t: 
0 
co 

c   i_' 
0   0 

o 8 
co „ 

■s s 
CO   O) 

c ' 
o c CO 

i* 5   CD 
O    Q. o ct 
!2 '5 
3 cr 

g=   0 

CO 
c 
D. 
0 
0 ^ 
0 
CO 
3 
o 
X 
XI 
o 
o 

CD 



c 
O 
E 

CO 

CO 
v 

CD 

75 
i_ 
3 
+J 

U 

I 
I® 
IB 

?: 
co Mi 
£ 
O 

E S 

co < 

i 
■?•* N 
äff 

E 
1 

■c 
co 
.© 

1 
c 
CO 

c 
© 

I 
CO 
c 
to 

■a 
o 

ON 

cfl 

3 

-8 > 
o 
01 >- d   • 

AB« 
.© o 
> CM 

3 2 
-o 2 
© to 
co 
c 
"E 
CO *-* 
c 
o 
Ü 
co 
CD 

co a) 
co -a 

1^ CO CD 

O) CD 

■E Q. 

co Q 
® t: 
£ 32 
o 6 c o 
tf c 
C CD 
CD CD 

X3 2- 

O CO* 

SS >- 
CO ,_ 

CD   = 

II 
- CO 

CD ys 
D) C 
CO   CD 

to P- 
c*> CD «or 

1° I« 

CO o 
to CO 
"to CO n I* 
o s 

JB S. 
2 5 
3 CT 

■D CD 

■o 

2 
2 
CO 

CD 

2 ® 
1a 
EB 
& ts 
co > 

8| 
© 2 

S 2 
s- 'S 
Ü C 
CO © 

CO CO 

«i 
> CD 
x> »_ 

CD   O 

CD   O 

O c 
O cfl 

H-   CD 

d) co 

II 

c 
Q. 
CD 
CD 
±£ 
CD 
CO 
3 
O 
X 
T3 
O 
O 

(5 

.© 

5 
"1 
c 

I 
© 
E 

? 

T3 

OS 
9ü 

■§ 
.Q 
> 
o 
61 

So« 
„«so 

c co « 

ig»! 
co< s 

CD 
x: 

.£ © 

■g-s 
- Q. 

CO   g 

a. 
a. 

CD    • 

co-5 

5j  CO 
c o 
©CO.? 
co x: — 
3 *- T3 

.CO   © 

© 9>-c 

©   «   £ 

EU ° 

2 .£ £ 
■o is xj 
© — c 

|S 
Q.T3 

£ ?"g 
«5 2 
c 3 c 

Q. 

© 
CO 
CO 

CO 
c 
D. 
© 
© 

© 
CO 
3 
O 
X 
Xf 
O 
O 
O 

9> 
Ö © 

W   g 
■g CO 

c 
© 

E 
•c 
CO 
Q. 
© 

öcü 
9-'5 en 

Q. c 
c - 

o 
Z 

E 
£oi 6 
> O)  - 

_T^ o 
^^§ 

E 

c 
o 
22 2 

§ £ .^ "■ =a 

> 
S.-SOC0 

© 

■n TA —.   > 

c -a 
co ^ 

© 
E 
c 
o 
1— 

■> c 
UJ 

I" E co 

c?© 

C   >   O 
*- © *- 
© o c 
to « <B 

2 = i 
:«| 
CD   O   CO 

o it co 

1.8 E 
E E CD 

.    r-    Q- 
E~ 2 
« £2, Q- 

c?-- 

o>-2 2 
c -^ co 
o co 3 

2gl 
.«   ©  O) 
w 2 o * Sao «> 

® E c w cl E 
3 ^2 CD 
OCA 
x: 3 « 

© 
CO 
o 
Q. 
CO 
-a 

2-5 
© ^ 
3   O 

T3 j0 

CO   »_ 

O   CO 

8E 
>*£ 
« 2 o c 

■2" co 

2 8" 

5 © 
§8- 

■o "■ 

■- w = cö ■£ „. ex o N s 

■*- ^ CO 
X)  c  © 

*. o c 
3   C •£ 

<=   c-   O 

O) 
c 
'o. 
© 
© 

© 
CO 
3 
o 
X 
T3 
O 
O 
O 

© 

Ö   © 

CO g 
•fc CO 
o c 

S Q- 

Ä5 
CO 
© © 
.0 *- 

8n3 

g o 

c 
© 

E 
■c 
© 
Q. 
© 
Q 
O) 
c 
E 

co © 
'> 2 
LJ © 

«^ 
O fo 

©O 
co TO 

S0- 
c -5 co ^ 

S O. 

c 
© 

M 2 o 

2 c 
0. UJ 

CO i3 -^ 

is 
Is g o 

«cf 
c '-2 co ^ 

^ a. 

c 
© 

© o 

ll 
3 S3 CO   CO 

C JO 
CD >• 
«- T3 
©   C 
e © 

n% 
B i2 II 
©   O 

9- c 

2 2 
Q-o 
CO   c 
Z co 
© T5 
.S c 

*- > 
2 JO 
3 © 
CO ■}= 
C © 

UJ 5 

^E ■»■^ c 
O) o 

.f= to 

E^ 

a o. 
o   CO 

^2 
CO *= 

©   CO 
o -p 

© © Ä 
>. 3 
© =5 > o 
c o. 
O   M- o o 

?2 

28 
c c 
o — u  © 

■•=:  cj 
© © 

CO 

CO 
© o 

ov> 
O   CD 
O XJ 

c 
Q. 
© 
© 

© 
CO 
3 
o 
X 
T3 
O 
O 
O 

9 
S © 
s y 

«o 8 
■g CO 

o c 
9-Ö 

II 
co c 
© © 
.y — 
* c 
a-5 

c 
© 

E 

© 
Q. 
© 
Q 
CD 
C 

'E 

^ s •= > C3)   j 

c ^   ° 
o >»"2 

- 2-g 
Q-8^ 

©   > ^ 
3 •£ 
O « 
©O 

^ g « 
E 
c 
O ö © o 3 

2 c 
a. uj 

TJ 
C 
© 

CO 
■o 
© 
o 
i— 

CO 
CO 
© 
o 
o 
© 

co" 
© 

CO 
© 
x: 
o 
3 
CO 
CO 
© 
© 

©r 

o 
© 

T5 
c 

"© 

T3 

© 

E 
Q.O 

© J<: ^ 

c 
©   CO 

E © 
to 

© 
o 
© 

El 
©   CO 

4' t = c to 

C 
© o -5 

_ o 
>-   w   3 =   O   CD   W 

"- m ~ 2 co"0 

T3 
© 
© 
C 

© 
x: 
© 
o 
3 

■o 
© 

c 
© 
O 

CO 
© 
2 
3 
O 
CO 

32 
** .£ 
CD O) 

O) CT 

»   ffl 

O 
CO 

_ © 

is 

2»£ 
*- " o 
o - " 
© 

a is 2 
© 
4-     © 

^2 
co XJ 
©   CO 

ffl Jo 
CO   -w 

© o 
•e Ci 
c i- 
© © 
co x: 

co o 

© © 

c 
© 

E 
© 

© 
c 
© 

o 
c 
3 
X 

© 

E 

© 
a. 
© 
Q 

■g CO 

5 c 
9-5 cp 
o R-c 

§ § E 
§. 
5 2  6 

O 

■es c .2 >- q 
S Ö .2 *  g 

c 
© 
E 
© 
9> © 

o 

£ ^u. 

iT- 
±s      ts 
© 
3 

■o o 

© S >- 
© g 

©O 

.3 Si .^ 

c 
© 
E 

UJ £ 

© 

25 
*- o c ffl 
© — 
.£ © 
T3   © 
cSc 

E "o 
= © 

© •_ 

£ o 

■a 
© . 
© © 

© 

■o .2 = 

3 
E 

x: o 

CO   >* 
-XJ 

•2 © 
co^ 
N   c 

--   © 

ffl XI 

3 

a. 
co « 
+-» -j 
W   CO 

I 
ffl 

O   CO 
«■. co 
ffl XJ 
» _ o -o 
°- 5 CO   CO 

Iffl 
S E 
5 o 

T3   CO 

O 
ffl 

XJ 

>1 
ffl 
E 

© *- 

2 § 
a. ^ 

c 
o 

'co 
o 

.E .1 x) 
TJ XI   c 
© © 5 
co co 3 

c c 
© ffl 

c 
o 

'co 
o 

UJ 
■o 
c 
© 

h 
(1)  o 
coo 

c 
© 

E 

© a. 
© 
Q 

3 y 
CO  g 
■s CO 

o| 
9-'o o) 
o e-.c 

^ § I 
c3z ° « x> > 
CO   c > 
© ffl _- 

•es c .2 
S5'5 22 © «    c 

nT °- •- 

c£ >> 

Ex?§ 

l"8ä 
?§© 

© ^ 
■P=5 

CO 

E 
© 

CO 

S 0. 0. 
© 

8 £5 
2"3^ 
3   CO   *- 

«5 .£ © 

og.g. 
~ © > 
Q. O   (D 
.2-Z "o 
i= c. © 
CO   ©   Q. 

• Ex- 
S "o c 
O   CD   © 

S^to 
©> CO "« © ©_5 

© II 

CO   O 
© ■= »- ffl 

ig o E 
O X 

tj    ffl    CO 

2 © © 
- _to O   O) 

^- © tL  ?  3 

c 
o 

'co 
o 
1— 

UJ 
X3 
c 
© 

c 
© — 

E 2 
<D   O 

CO Ü 

T—I 



0 
o ft. 
3 
o 
W 

CO 
0) 
O 
*3 
U 
(0 

c 
Q) 

E 
CD 
OJ 
CO 
c 
(0 

CO 
CD 
ffi 

(0 
l_ 
3 
o 

(0 
c 
o 

CO 

2 
3 

«•■* 

O 
3 
L. 

(0 
c 
o 

(T) E 
03 „c 
OJ 

o 
>,T> 
k_ Q 
CO 
3 

a 
n X> 
<D 1 
LL 

T> 
>» a 
+J 

m w 
3 3 
o > 
0 
c 
CD 

b n 
C OJ 
o 
1— 5 
> n 
I  
Ill J3 

c 
o 

cö co 
E = 

g 
o 
— °° 

0   3   CO 
5 0-° 
To c E 

«I 
cr o 
>> CO 

co »- 
S  co 
-o 
0 
co 
co 
0 

£2 

D) 
C 
JS 

Ü 

c XI 
to ■? 
as 0 
3 CO 
CO CO 
0   0 

co 
0 
1_ 

o w 

■~  CO 
CO   0 

i- a) N 
S o> = 
«S S -S > co co Is* 
S"D to 

a*« 
C   0   c      . 

0 

2« 
X i c 

.2 "SS 
"S-5 e 
CO   CO   0 

CO 42.g 

.9- o 
ü 

CO "o 

co c 

*" 0 
0   CO 

o 
CO   CO 

«S2 0 CO co 0 
t   O   CO T3 
CO   0 H-   C 
-a -a o co 

0) 

e 0 

•g CO 

of 

I- < o 

c 
0 
E 

■c 
CO 
Q. 
0 
Q 
CD 
C 

CO 
0   CO 
.0 *_ 

0 
x 

>> 
x 
T3 
0 
Ü 

E 

CO   CO 

^ 2-S 
>.U- ^ 

co 

CQ   3 

^ 0. 

3 £ 
O « 

0O 
* co 

S P II 
C   a 
0>  t» 

a 
_   D 

C0-;r   -- 
O   >    Q 

Q. LU £ 

CO 
c 
o 

Ü 

Q. 
Q. 
CO 

0 
> 
CO 
CO 
0 
Ü 
X 
0 

O -K 
0 
CD 

y co 
co 
o 
Q. 
Q. 
CO 

Ul ,2   ffl   m 
■£ % r .-£• 

C   CO 

S  O)o'5 
o i: 

.2 § 

7^ o 

- 0 E ° 
0« 
3 3 

£ SO 0 
'tr 
0 

CO 

o 
■*-• 

CO 
0 
u> 
CO 
X 
Ü 
CO 

g   3 

0  0 

Is 
co £ 
CO   ^ 
0 XI 

3   CO 
o 
Q. 
X 
0 
0 
co 
CO 

E 
CO 
c 
0 
CO 

c  ^ 
o 

Ü 
Ü 
o 
>••■« o 0 

a« 
0   Q. 

c 
0 
E 
0 
O) 
0 
c 
0 

0 
•g 
|o 
co 
0 
Q. 

0 
Ö 0 
3 Ü 

CO g 
■g CO 

o c 

CO   c 
0   0 
.Ü *, •c c 

|2 0 

E x 

c g 

co 3 

^^ 

c 
0 
E 

■c 
0 
Q. 
0 
Q 
CD 
C 

E 

§"& 
CO   0 

> 2 
LJ 0 

a « 
00 

o 
O 

o 
■a   u 
o ,0 

-a 

0 0 
>   C 

- 0 

M 0   o 
CO — 

2 £ 
0. HI 

iü   « 

0  co" O 
" ü c5 •5 3 ° V, "o o 

*-§ 

5 i "5 - 

a o 

S 0 

§£2 

0)~ it; 

0^8 
c^x^c? 

co c B 
o > S 

E ^°i 
^ =   CO 
"Ö ^ 

S ° c 
0 

0 

X 
Cfll-fc 

CO 
oL Jo ?3 
co o .y 
C   Q. > 
0X0 
i= 0 -D 

c 
0 
E 
0 
D) 
0 
C 
0 

61 
a 
k. 
a; 

E 
o 

c/5 

t/3 ♦- 
U 
U 

■a 

s s £ 

ft 0,5 

o mQ 

C4 o 
E 
£ 
o 
6J 

CO 
0 

X 
Ü 
3 

■HI 

8i 
45 "Q. 
3 W 

«0 & 
.2   0 
-° £ 0 0 

EE 

Q.  0 

E£ 
c^ 
0 o 
i_ o 
3> o 
o ^~. 
co a) 
0 CD 

T3   >- 
Ög 
« 8 0 ° 
Q.T3 

0 0 
O 0 
—   CO 

c o 

X   0 
^ c 

■a 
c 
0 
c 
g 

c 
0 
> 
0 

0 
CO 
c 

_ o 
a. 

= co 
CL 0 

CO CC 

c 

.c 

CO 
JO 

1 <4- 

T3 
D 

c- •"3- 
0 
F 

ON 

0 f/1 
en JD 
en 3 
c O 

.ns > s O 
0; 

0 
0 

CTi 0 
^ CM ?■ 

a 

6 
0 

CO 
3 

3-"   -J 

CO < Z 
CO 

.*; ^ 
= Q. 
O P 
5 0 
co "2 
'ü 0 

0 g 

|° 
o 0 
-r, co ^ ° 
0 to 

0 ^ 
'5 £ 
co c5 
3 **— 

"D 0 
C -C 
'*- CO 

* a> 
0 ±i 
0 ^ 
£ 0 
0 £ 

§? 
o 0 
c — 
0 O 
0 

0 2 

0 
ü c 
0 c 
0 

■*-• 

c 
'0 

o 
c 

0 

«   g i c 
O O 
CO   o 
>,T3 

Z. <u 

£ — 
0 >< 

1 ® 
"2 
CO~ Q. 

0-O 

>. « 

e 8 
0   O *-• 
— _>, 
— 0 
0 -s 
^ ■- 

0 Q. 
= Q. 
O   0 

r-H 
I 



c 
o 

TJ 
c 
OB 

O 

© 

CO .j 

©   Ü 

to 3 

II 
.c - 
> .2 
© iS 

■" c A © 

l| 
0)   O 

It 
0)   2> -i © .52 
x x 
O   © 

£ o 
?.E 
©   c 
to .2 

£Ü 
2 Ö 
CO o 
XJ — 
© o > *- 
o »- s ° 2- = 
2- °- 

■Si c co 
to o 

»1 If 
£ co 

E © o c 
£ © 
TJ   2 
?   tt 

° co 
£ > 
©A 

5 © 

£ o 

m 2 

o 
o u 

J2 © 

O   CO 

2   CO 
=   CO 
*■   CD 
2\o 

2. © 
© > 
Q. 
© 

*- CO 
C 3 
CD   O 

.11 
3 D. 
°" E o> .E 

■° 5 C CO 
CO c 

CO O 

© CO o _g> 
x: o 
S>x 
>g> 

8< 
-E  © 
ÜQ- 

S .E 
fc D) 
O CO 

C CO 

CO o 
TJ   O) 
k-   C 

8? (D  O 
■» ■*■■* 

«& 
CO " 
Ö CL 
CD CO 
O.TJ co -5 
0 5= 

C   CO 
.2>c 
c CO 
CD   £ 
Q O 

CO 
CO 

£ 
CO 

"O 
CD 

CO 
CO 
o 
Q. 
CO 

TJ 

£ 
o 

"CD 
XI 
CO 
k_ 
CD 

1- 
2>* 
Iß © 

— co 
£   C0Ä 
- 0> c 

•2 S 
© o > t: 

TJ   <D 

CO   5 

£ 
3 
CO 
CO 
CD 

E 

CO 
k_ 
o 
Q. 
E 
CD 

CO 

CO 
CO 

c 
CD 

E 
Q. 

CO   3 
fi cr 

CD 

CD 
x 
o 

XJ 
c 

co © 
CO   CO 

£   CD- 
CO ^ 

°i 

«   C   CO 

o 
c 
CO 
k. 

TJ 
->> 
C   CD 
© 'S? 
E — 

§•§ ©"/? CD Ü 

c c 
CD co 
F 3 
Q. £ 
3 CD 
cr D) 
CD k- 

CO 
x £ 
CO <} 
CO CO 

c 

>   O) 
Ö.E 
CO -* 
r- CO 
«© 
CO v. 
5   © 

il 
£ | 

Q. 

TJ   C   m 
v« CD g>-^ 

- £ '8.0 
CD   CO > 
Q- CD C 
CD  Ü 2 

CO 

i_   CD 

£5 
O   CD 
CD   CO 

DC Z> 

O) 

H ® i CJ •*-» XI 
^ .E co 
CO   CO   CO 

a E 5 
CD „ ■_ 

■*: c o 
© CD *" 
Ü   c   w 

c E co 
co a. © 

S&2 c © Ä 

1^1 c o 2s 

S "C co 
c © © 
3 Q. Q 

CO 
© 
CO 
-a "a 
© © 

©   3 

o & 
o c 
O   D) 
O) CO 
.2 o) 

15 -Q   CD 
CO   o 

-2 ^ 
XI   3 

%s 
8 "5 

■£   f5   3 
s s g 
Q-i ffl 

C7 C Xj 

Z*   © 

© o © 
a>OCC 

o 
'x 
o 
© 
o 
E 

c 
© > 
o 
CO 

O) 
c 
'c 
co 

^5 
o 

D) o 
II)   C'3 

■**c o 
co v 
©   CO 

ö g 

©   o 

co g 
S V 
3  c 

© © 
N -g co 
co •— t3 
ii. ■*-• n 

©  3 £ 
Ü C7) ci 

© 

TU 
C 
co 

c 

I 
o 
CO 

■o 
© 
CO 
3 

O) 
c 

c 
CO 

CO 

-c ^ 2:      = 
©2 
> c 

xi o 
■D 

21 2 
CO   3 
E » 
cB o 

T3 

O 

■5 2* 

OT-N W 
CO CO CO CO 

CO 

i 
CO > 
■D 
c 
CO 

CO 
at 
c 
a 
e 
© 
c 

'co 
c: 
o 
o 

8 
£ 
CO 

■4-» 
c 
© 
E 
Q. 
'3 

© 
T3 
C 
CO 

© 
o 
c 
CO 
c 
© 

© 

c 

§ 
T3 
© 

CO  w 
© 2 

O   O   CO   >- 
4-»  H—    CU 

co" co c to 
|8S5 

_«= 
c   *- -   CO   D) O 

©   ©   > 
GCOC < 

.2       « o 
© 
X) 
CO 

•*t IO CO h» 00 
CO CO CO CO CO 

's 
E 
o 
to 
© 

S cof 
o © ** 

•■» to © 

iii5 
"~~   H-«   ^^ 

■g S=5 
Q. 2 IS 

ä^ co 
« >«.2 
to © 2 

8 S * 
2 °-o 

© SS S o   ©   © 
8 © w 

s s s 
« ® ffl 

8.2 E 
« £ © a. H a. 

o> o 
CO "fr 

f- CM CO ■* 
■tf "* "fr •* 

c 
© Ü 

01 
0 L. 

3= c 
CD 0 
CO 0 
+-• a) 
1_ 
CD 

T3 
> CO 
O 3 
CO O 
© © 
CO CO 
3 3 
in CO 
■* ■tf 

Q. 
X 

C3) © 
2 <- 
^© 

E £ 
o ex 
*- o 

CO  — 

© £ 
c © 
"S.E 

w c iS 
^ o c 
_ o o 
© © ° 
to   D) © 
E ^2 
*S   3   CO 

co w >• 
0   "   CD 

LO 
to 
© 

o *-• 
CO 

o *-» 
CO 
4-» 
© 

"cö 
D. 

©   CO 
E co 
c  © 

■—   k- 

'3 
cr 

-a 
c 
3 
O 

CO 

E 
CO 

© 

CO 

o 
to 

= O) 

.20 
ci2 a. 
§>S £ 
co Q- 0. 

co co "o 
+2      ■—• 
C a»   3 
O O) o 
O CO   1- 
>- te  O o o Ü 

© o» 
•s ©Ä 

§ i2 =<D 
O   =   CO 

ü »i: 
© E co 
2-£ © 
©■DP 
o c CO 
© = © 
w to w 

Z>   D)^ 

© 
Xj 

c 
o 

_>» 
t3 
© 

.h=   1- 
X)   © 

If © 8 
2 >• 
Ü co 
>- "2 

© 
■g 
'w 
3 
o 
co 
c 

T3 
_ CO 
CO   © 

©I 
CO  c 

c o 
© i: 
xi co 
co = 
E'Q. 
E^ 
a c 

•»- CD 
i- > 
CO   CD 

a. 
o 

tf.     \*     w   __ 

CO  co 

73   c- © .2 
« co 
© 

© 

©   CO   CO 
C *- X) 
© o © 
§ o 2 
OÜCD 

CO 
© 
E © 

© ° s 
a-2 © 
> co co 
I & 
O   CO 

S S '«5 
O   CO   CD 
Q 3 -D 

TJ 
© 
co 
c 

NCOO) 
■*■*■* 

o 
10 

CO 
CO 
© 
I— 

CO 

c 
© 
E 

CO 
Q. 

Q. 
© 
© 

to = 
^ CO 
l_ ,^ 

JO   o 
3 i= 
O) c 
© o ceo 

CO 
CO 
© 

CO 
o 

XJ 
c 
3 
o 
I— 

CO 
© 

© 
XI 

CO 

E2 
0)   </> 

CO Ü 

© 
XJ 
'co 
CO 
© 

CO 
CO   © 
©   en 
CD — 
S   © CO   c 

T3   © 
© to 
i E 
©   CD -of 

TJ 
C 
co 

© 
c 
co *-» 
c 
o 
Ü 
I— 

© 
Q. 
O 

JO 

.© 

© 
to 
E 
D> 
C 

t 
o 
© 

TJ 
C 
CO 

CO 
© 

o 
« 

c 
© 
Ü 
CO 

c? «2 o © 
c: £ 
Q) © 

C   CO 
© .2 
© P 

■^^   i: 
CO   O 

© — 

■2-9 w i5 

c © 
0 

CO 3 
m O 
k. CO 
<i) L. 

to © > 
b 0 

0 
c 0 
© 
Ü ■B 
E 0 

L_ 

D) © 
CO TJ 

TJ 
CO   © 
© F 
£>o 
© i: 

I? 
TJ   C 

33 

as 

2 o 
©to 

-?; N 

21 
§2 
ü 2 

CO 
4-» 
JD 
C 

c 
'« 
k- 

TJ 

E L. 
O ^-» 
CO 

© > 
o 

CO 
© 
XI 
X 
o 
to 
Ü 

co c •- .£ 

CO 

ci 
© 2 

© 
© 

©   3   © 
2-TJ   Q 
£ © © 
Q.CC tr 

CO 
c 

© 'co 
E © 

© X 
-O   P 
f> to 

©.2 

©   © 
■C ■= 
o *■ 
Q. © 
© t 
2 © ©   co 

CO 
© 
XI JO 
X   © 
CJ "c 
1« ■— 
8 c 

o E 
^.o 
© w 

*=   CD 

ofj 
OC _l 

T- CM CO ■* 
LO lO IO IO 

£   CO 

o o © 
©   o 

© © 2 
>   CO   © 

XJ   CO   Q. 

1"° c © c .E 
4^   © 
c        *^ 
CD   D) C 
c c  © 

ill 
2-  ©   3 

5 .2 © 

TJ 
C 
© 

3 
cr 
© c 

3 
0 
o 

c >» © 
f- m ^1- X 
© 4-» © CO 

E 1_ -I 0) 
© cr k_ 

-1 E c 
© 
k. 

cr 
© 

>< © 
F 

4-» 
Ü 
-1 

Q. © © TJ 
© 2 

0. 
a. 1_ 

© E 0 
0 

.© 
o 
CO 

o J2 
•fi 2 o c 
© © 
CO   CO 

RE 
CO   CO 

TJ   3 
>>£- 
8.» 

D_  © 

VO 

i-CMCO'flOCOI^COOJ 
O -i- OJ CO TtmcDs COCSOT-CMCO^IOCOSCOO) 

T-T-CMCMCVJCMCMCMCV1CJCMCM 



S3 
o 
c 
9 

PS 

u 
© 

en 
i- 

«2 
VI 

OH 

pa 
CD 
u 

« 

a 
C8 

> 

e 

PH 

co 

o 
Q. 

o 

o •;= 

5      OT 

2» 
co o 
£ •<=> 

CO 
x 

[?.£ 

CO c 

CO CO 

-2   O) 
c 
c 

CO   CO 
=   CD 
Q-o 

© 
> 
o 

~ >* © 
CD 
c 
CD 

E T .£ r 
3 CD 

ro 
CO   > 

ro _g> 

c 
CO   CD 
E  _ 

o 
o 
n 

CO 
CD 

■o 
CD 
■♦-^ 
CO 
0 
L. 

T3 
O 
O 

0 
CO 
3 
k- 
o 
CO 
Ü 
3 

T3 
O 

T3 
CD 
CO 
C 
CD 
Ü 

CO 

"5 
c 
o 

'co 
'c 
CD 
O- 

CO 

0 

CO 

CO 
E 
© 
to 
CO 
CD 
Ü 

co >» 
0 
> 
c 
o 
Ü 

=   CD   c   CD        "D 
O   p £   CO CD 
*■' !M C O 
><j2'cö Q. 
Q-o c -^ 
E co o -a 
OT)   Ü > 

0   0 0 0 
c c o % o o co £ 
O O => Q. 

E      fc 

O 
O 

13 
CD 
co 
o 

25 
=   CO 

11 
CD — 
CO LU 

U) 
O   O 
^ X 

Ö   CD 
£= "O 
c c 
O   3 
"   CO 

"   O CD .2 
°-to 
III 
co o 
bS CD 
O "O 

w "H ö 
co — •*- 
Or« 

CO ~J 

'c 
co 
CO 

>• a. 

I1 
CO   CO 

o 
co 

E c 
o » 
■♦-' t 
W Q. 

CO 
CO    H- 
c o 
* c a. g 
O 'S 
w S 
c c 
O o 
a. c 
Si 

CO 

o 
T3 
co 
N 
co 

CO 
o 

co 
X 
o 
CO 

?.£ 
4-*   CO 

o.E Z o £ 

p CO   o 
0) — 
i= co 
o   o ■>-• ■<-■ 

£ 3 
co a- 

H © 
CO CO 
E & 

T> -a 
c c 
co co 

E 
o j- ~ 
£    <» U 
O "^ 3 

-O T3 
.2 co c: 
>< to o 
OUJO 

© o 
co co 
c c 

'CO 

o o 
o © 
a. a. 
CO   CO 
c c 

c c 
.2 =2 
C   CO 
O   O) 
> © 
© >- 
Q. a> 

^1 CO   2 

© — 
ro © 

g ° ä© 
co °- 

05=   Ü 

0    vu    vu  _j^._^s   w   ^ 

■o 

SI co Q 

O) O) 
© © 
tr tr 

© o 

■o 
c 

_ o 

co 
Q. 
© 

O 
© 

= B 
o to 
co k_ 
*- o 
© ^ 

© 
E 
c 

'co 
■*"• c 
o 
o 
© 

C   3 
o cr 

•j= o 
.2 "o 
Ö ro 

Q. © 
._ "O 

CO   O 

2 5 

E^ 
O   CO 
to £ 
o o 
c c 

— "D 
CO   ©   © 
2> to £ 
co co o 
3 5« 
.2 ä o 

- « Re 
§ ^ -S c 

CO 

co c 
© 

CO 

CO  TS 

© > 
to 2 
50. 

5« " ° ■- 
•K C ^   3 
CO o O   O 
E Ü Q CC 

co ■<■ to co 
N N r- h- 

c» TO o T- CM co ■* in 
CO CO CO CO CO CO 

CD 
CO 

NCOO) 
CO CO CO 

"O 
c 
© 

JO 

.© 

© 
to 
E 

■c 
o 
ex 
CO 
c 
© 

CO 
o 
V- 
3 

T3 
o 
o 
o 

c 
© 

o 
Q. 
o 

O) 
c 

© 
c 

_C0 

.© 

o 
to 
E 
c 
© 
o 

'c 

'co 
■o 
c 

m   © s ° 

,«   CO CO .^ 
© c 
© © 
© — 

-o 
o 
E 
k— 
© 

CO -O 
c c 
.2 3 

co ■- 

C   CD   «2 
o Q. E 

•^= O O 

O ;= *^ 
J- 0 C 
O- 3 © 
= — XI 

© 
O O) 
Z      .£ 
5    © 
^ 3 

c       c 
"Q. CO   © 
a. F *^ w 

o © J c! 
>. o 
CO   C   m 
c 

© o 
'•« .2 o *- o 

o 
Q. 
E 
w 

'5 © 
.2"-o 

■2 © fe 
» o > 

5 co o 

© 
> 
o 
© 

o o 
©•J3 
E © 
k o -a 2 -q 

> c > 
2 o 2 

D_ 2 a. 

a.® © « 
© © S © 

© 
o © 

■£  ©  © © — 
c = 

^f   fft 

©     Ü 

c 

CO   W 
~   CO   CD   CD 
LiJ £ D IT 

c 
o 

■o c 

©8 
CO   TQ 

c 2 o o 
k_   O) 
o c 
o 
s{ 
.£10 

c co 
©    - 

g.£ 
co .9- 

-£l °: 
£ J2 
© 5 
3   © 

*♦—   **^ 

^ O- 
o © 
o © 

E 
o 

CO .*: 
c 
© 

col 
© ^ 
.2 T3 
x: c 
© 2 

t-, © 
0   O 
© ro 
^ V- 3§ 
o> co 

■ii 
XI   © 

o o 
"" c 

o 
o 
0 ^—» 
o 
Q. 

CO 
Q. 

© 
CO 

CO 
c 
o 

0 
Q. 
O 
O) 
C 

c 
'© 
a. 

_c 
c 
'© 
CL 

O) 
c 

c 
ra 
CO 

TS 
c 

2-2 ^    0 
O T3 0 ~ 
O   O 
Q. D_ 

T3 
C 
©   CO 
O)© 
£ to 
-a S 
© +-> 

m in ü 

- o = 
© o © 
rxj ° 
ü -5-0 
•- o 5 
P co .£ 
E o co 
© o V 
2 c o 
~ LU   O 

© 
CO 
© 
to 
© 

© 

© 
3 
O 

CL « 

E.2 
12 
2 © ©    Q. 
> o 

c 
o 
to 
o 
O   CO 
— c 
T3   O 
0   *3 

of 
O o 
c o 
© >- 
C T3 
CO   C 

£'5 
o>.£ 
•£ co 
.£ o^ 
djo c 
Q.-0   0 

"o 3 E 
C O Q. 
©   0)3 

£ V- ® 
T3-01 
c S c 

© °-"^ 
CO   k.   c 

k- ° cö 

Hi 
■K   © .2 
o co 3r 

■o "a © 
c o o 
O   >   CO 
ü< 3 

i 

< 

CO 
LO 

Ncomoi-wcctmcoN 
LOLOLococococococococo 

co 
co co 

OT-W 
K t^ K 


